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EFFECTS OF DELAY OF INFORMATIVE FEEDBACK 


AND LENGTH OF POSTFEEDBACK INTERVAL 
ON CONCEPT IDENTIFICATION ! 
LYLE E. BOURNE, Jr. Axp C. VICTOR BUNDERSON 


University of Utah 


The purpose of this experiment was to determine the independent effects 
of delay of informative feedback (IF), length of post-IF interval, and 
task complexity on concept identification. The 216 Ss served in- 
dividually in a factorial design which combined 3 delays, 3 post-IF 
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intervals, and 2 levels of task complexity. All Ss were given standard 


oral instructions about the 
of 32 consecutively correct 


mulus identifications. 


k and served to a criterion performance 


Results indicated 


that task difficulty increased with complexity, performance improved 


linearly with increases in post-IF interval, increase in the post-lF 
litative in tasks of greater complexity, and d 
The data require detailed modifica- 


interval was more fa 
of IF was an ineffective variable. 


tions of a mathematical theory of concept identification. 


The results of a recent concept 
identification study (Bourne, 1957) 
strongly suggested the existence of an 
inverse relationship between perform- 
ance and delay of informative feed- 
back (IF). These findings appeared 
to be consistent with most previous 
data on the effects of delay of IF (e.g., 
Greenspoon & Foreman, 1956; Saltz- 
man, 1951) and delay of reinforcement 
(e.g., Grice, 1948; Spence, 1947) in 
a variety of tasks, and a general 
theoretical analysis, based on the 
decay or forgetting of relevant stimu- 
lus cues during delay, was proposed 
(Bourne, 1957; Bourne & Restle, 


1 This research was supported in part by a 
research grant (M-1759) from the National 
Institute of Mental Health, United States 
Public Health Service. 


1959). Several studies which have 
since been reported (Bilodeau & 
Bilodeau, 1958; Bilodeau & Ryan, 
1960; Denny, Allard, Hall, & Rokeach, 
1960; Noble & Alcock, 1958), how- 
ever, failed to find any deleterious 
effect of delayed IF on human learning 
and provided data which seriously 
question the validity of any general- 
ization from the performance of 
animals with delayed reinforcement to 
human behavior under conditions of 
delayed IF. 

In four of five studies of simple 
motor learning, Bilodeau and Bilodeau 
found length of unfilled delay to be an 
ineffective variable; in the fifth experi- 
ment, delayed IF facilitated perform- 
ance. The critical factor in their 
experiments was intertrial interval, 
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performance varying inversely with 
its length. The study of Denny et al., 
which used a different motor skills 
task, provided additional support for 
this conclusion. Bilodeau and Bilo- 
deau further reported that the interval 
separating IF from the presentation 
of the next stimulus, i.e., the post- 
feedback (post-IF) interval, might 
retard performance if it were suffi- 
ciently long. 

The apparent discrepancy between 
the concept identification findings and 
the more recent results may be attri- 
butable to a number of methodological 
factors. Studies in which delayed IF 
has been ineffective used simple motor 
tasks such as line drawing or knob 
turning primarily. Such tasks differ 
Írom concept identification in a num- 
ber of dimensions, one of which being 
task difficulty, and Bourne's results 
show that task difficulty is potentially 
an important factor determining the 
influence of delayed IF, Another 
possibility, however, is that Bourne's 
results were not due to IF delay but 
to the post-IF interval, which was 
confounded with it in his experiment, 
In order to keep a constant inter- 
stimulus interval in all conditions, 
post-IF duration was decreased (9to1 
Sec.) to compensate for increases in 
delay (0 to 8 ѕес.). If the suggestion 
of Bilodeau and Bilodeau, that delay 
of IF is less important than the post- 
IF interval, is true for concept 
identification, then Bourne's results 
were less a function of the former than 
of the latter variable. Note, however, 
that if this is the case, these results 
are contrary to the hypothesis that 
increases in post-IF interval retard 
performance, 

The purpose of this experiment was 
to determine the independent effects 
of IF delay and post-IF intervals on 
performance in concept identification 
tasks. The experimental design varied 


these factors orthogonally within the 
range used in Bourne's study. ln- 
cluded within the design were sia 
experimental conditions of delay and 
post-IF lengths from the previous 
study, three at each of two levels of 
task complexity. These conditions 
were replicated to permit close com- 
parison with earlier results. | 

It should be noted that, if the 
results of the present experiment Гай 
to support the assumed importance of 
delayed IF, they will necessitate a 
major revision in the theory of concept 
identification proposed by Bourne and 
Restle, at least in so far as that theory 
interprets the effect of delayed IF. 
The theory, as it Stands, makes no 
prediction about the effect of variation 
in post-IF interval, For a detailed 
account of predictions regarding task 
complexity and delay of IF, see 
Bourne and Restle (1959). 


PROCEDURE 


Subjects.—The Ss, 216 students from 
elementary psychology courses, were awarded 
class credit for their participation. Each was 
assigned to 1 of the 18 treatments of the ex- 
periment and served individually for one 
session. All Ss were given detailed oral 
instructions about the task, the meaning of 
IF signals, and the criterion of problem 
solution. 

Task and аррағаіиѕ.—Тһе task and ap- 
paratus were essentially those described in 
detail by Bourne (1957). 
sented with a series of geometric designs, each 
of which was a combination of the levels of 


(square-triang] e 


response buttons. 
was to discover that these buttons 


corresponded to the four combinations of the 
levels of d 


After each 
correct category for that stimulus by the 
onset of an IF light over the appropriate 
in earlier studies, irrelevant 
appeared at each of their two 
levels within the sequence of stimulus designs 


task 


dimensions 


ir. 
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but were uncorrelated with IF signals. The S 
responded to each stimulus after a self- 
determined interval and performed until he 
reached the criterion of problem solution, 32 
consecutively correct responses. 

In addition to the response and IF panel, 
there were four major units of apparatus: 
(а) a Dunning animatic 16-mm. filmstrip 
projector which presented the stimulus de- 
signs; (b) an Esterline-Angus operations 
recorder which recorded S's response and the 
correct category for each stimulus; (с) a 
timing unit which controlled the delay and the 
duration (1 sec.) of IF and the length of the 
post-IF interval; and (d) a Western Union 
tape transmitter equipped with a precoded 
tape which determined the sequence of IF 
signals. On any trial, S's response to the 
given stimulus advanced the projector to а 
blank frame, activated the timing unit, and 
was recorded on the Esterline-Angus. After a 
delay of 0 to 8 sec., the timing unit advanced 
the tape transmitter which presented the 
appropriate IF and, after 1 sec., advanced the 
transmitter again to turn off the signal light. 
After an interval of 1 to 9 sec., the timing unit 
advanced the projector to the next stimulus 
frame. 

Design.—A 3 X 3 X 2 factorial design was 
used with three delays of IF (0, 4, and 8 sec.), 
three lengths of post-IF interval (1, 5, and 
9 sec.), and two degrees of task complexity 
(1 and S irrelevant stimulus dimensions). 
The three combinations of delay and post-IF 
interval in this design which appeared also 
in Bourne's (1957) experiment are 0-9, 4-5, 
and 8-1, where the first number refers to 
delay and the second to post-IF in seconds, 
Tespectively. In addition, three problems, 
differing in relevant dimensions, were used in 
each of the 18 treatment conditions to offset 
the possibility of collusion among Ss. This 
variable was orthogonal to the others so that 
its effect on performance could be evaluated. 


REsuLTS AND DISCUSSION 


, An analysis of variance, summa- 
tized in Table 1, was performed on 
total errors to solution. Three main 
effects, task complexity (number of 
irrelevant dimensions), problems, and 
Cngth of post-IF interval, were sta- 
Ustically significant. All three two- 
Way interactions and the three-way 
teraction of these variables were 
also significant. A similar analysis, 


TABLE 1 


ANALYSIS OF VARIANCE ON NUMBER 
OF ERRORS 


Source af F 

Postfeedback interval (PIF) 2 11.83** 

Linear 1 23.64** 

Quadratic 1 .02 
Delay of IF (DIF) 2 1.77 
Problems (Р) 2 12.82** 
Task complexity (C) 1 103,47** 
PIF X DIF 4 .26 
PIF XP 4 4.70** 
PIF X C 2 6:219* 
DIFXP 4 „35 
DIF XC 2 1.67 
Р УОС 2 4.88** 
PIF X DIF X P 8 1.16 
PIF X DIF X C 4 1.29 
PIF X PX C 4 3.5290 
DIFXPXC 4 „33 
PIF X DIFXPXC 8 1.21 
Residual MS 162 (677.22) 

**p <01. 


with trials to solution as the measure, 
yielded the same results except that 
the Problems X Complexity interac- 
tion was not reliable. 

The effect of task complexity is 
consistent with most preceding con- 
cept identification experiments (e.g., 
Bourne, 1957), in which the relation- 
ship of this variable to performance 
has been linear. Mean numbers of 
errors for one and five irrelevant di- 
mensions were 14.57 and 50.33, re- 
spectively, in the present experiment. 
'The effect of problem differences, as in 
earlier studies (e.g., Brown & Archer, 
1956), is attributable to the difficulty 
Ss have when positional dimensions, 
such as horizontal location of the 
design on the viewing screen, are 
relevant to solution. 

The unique and more important 
results of the present experiment 
concern the effects of IF delay and 
length of post-IF interval. Neither 
delay of IF nor any of its interactions 
with other variables was a significant 
source of variance in the analyses. 
Increase in post-IF interval, on the 
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other hand, produced a uniform 
linear decrease in mean number of 
errors, as shown by an orthogonal 
polynomial analysis. The observed 
effect of variation in post-IF interval 
was greater in problems with five than 
in problems with one irrelevant di- 
mension. Figure 1 displays graph- 
ically the effects of delay, post-IF 
interval, and task complexity. Note 
the data points from conditions com- 
mon to this and to Bourne's study of 
delayed IF. Figure 1 clearly indicates 
that the apparent increase in mean 
number of errors with IF delay in the 
earlier study was an artifact of the 
confounding of delay with post-IF 
interval. Actually, performance im- 
proved slightly but not significantly 
in the present experiment with in- 
dependent increases in IF delay, 
especially in problems with five ir- 
relevant dimensions. 


The outcome of the present experi- 
ment is similar to findings in studies of 
simple motor learning and supports the 
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Fic. 1. Mean number of errors to solution 
as a joint function of delay of IF, length of 
post-IF interval, and task complexity. (Each 
plotted point represents the data from 12 Ss. 
Note the experimental conditions common to 
this and to Bourne's, 1957, study.) 


conclusion that a short unfilled delay 
interval between response and IF exerts 
little or no effect on the performance of 
human Ss. The argument that tie 
difference in findings reported һу Bourne 
(1957) and by Bilodeau and Bilodeau 
(1958) might be attributable to methodo- 
logical or task complexity factors was 
not supported, although these variables 
are probably critical in determining the 
exact nature of effects of temporal 
characteristics. The present findings are 
at variance with the conclusions of Bilo- 
deau and Bilodeau in that performance 
improved linearly, rather than wors- 
ened, as the post-IF interval increased. 
Greater lengths of post-IF interval may 
produce the opposite effect, but it will 
be necessary to undertake additional 
experiments to determine whether an 
optimal post-IF interval exists. 

If it were proposed that learning takes 
place immediately and automatically at 
the time of IF (reinforcement), there 
appears to be no reason why length of 
post-IF interval, as distinct from any 
other time interval, should affect per- 
formance. As alternatives, it might be 
argued that much of S's behavior during 
the post-IF interval can be described as 
(а) processing (or simply rehearsing) 
information retained from the stimulus 
and the IF signal, or (b) conditioning 
(and adapting) stimulus elements. Then 
it may be hypothesized that, because 5 
can process only a fraction of the avail- 
able information in any short interval 
(Miller, 1956) or because stimulus cues 
fluctuate in and out of the sample 
effective at any instant (Estes, 1955), 
intratrial learning and, therefore, overall 
performance is more efficient with longer 
post-IF intervals. Investigations of the 
distribution of S-determined  post-IF 
intervals (i.e., where S controls the onset 
of the next stimulus) may provide some 
useful evidence regarding these possi- 
bilities. If it is assumed that the onset 
of the next stimulus terminates learning 
on the preceding trial, it would be pre- 
dicted that (а) as amount of stimulus 
information (from relevant or irrelevant 
dimensions) increases, — S-determine 
post-IF intervals will increase and 
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there will be a gradual decrease in length 
of post-IF interval with practice since 
vach succeeding trial reduces the amount 
ot information or elements to be learned. 
Note that the first of these predictions 
Is consistent with the Post-IF X Task 
Complexity interaction obtained in the 
present experiment. 

The results of this experiment do not 
support the delayed IF hypothesis of 
Bourne and Restle (1959) and necessitate 
some modification in their model. The 
available data do not permit the con- 
clusion that IF delay is generally in- 
effective; considerably longer or even 
short filled delays may produce the 
expected result. However, the model 
obviously predicts a stronger effect than 
15 compatible with these data. То 
Provide a more precise account of the 
Present evidence, a parameter which is an 
Increasing function of length of post-IF 
Interval and a decreasing function of 
amounts of relevant and irrelevant 
Stimulus information must be considered. 
No attempt is made to develop appro- 
Priate modifications of the theory here. 
Actually, a number of forms of this 
Parameter would fit the obtained results 
and there is little basis for a selection 
among them. Additional experiments 
Will be necessary to determine the cor- 
rectness of alternative descriptions. 
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THE EFFECT OF COMPETITION ON VISUAL DURATION 


THRESHOLD AND ITS INDEPENDENC 


OF STIMULUS FREQUENCY : 


LESTON L. HAVENS лхо WARREN E. FOOTE 


Massachusetts Mental Health Center, Boston Psychopathic Hospital 


The effect of prior word usage on visual duration thresholds has been 
studied under tachistoscopic conditions permitting control of competing 


or interfering responses. 


The degree of competition among these 
responses was significantly correlated with threshold. 
quency was not a significant variable 


Stimulus fre- 
under these conditions. We 


conclude that visual duration thresholds are not primarily a function 
of the frequency of prior usage of stimuli but of the ability or inability 
of the stimuli to evoke high frequency competitive responses. 


Over the past 15 yr. experimental 
studies of perception have increasingly 
explored the organism's contribution 
to perceptual achievement. A host of 
experiments have investigated the 
place of motives, attitudes, and inter- 
ests in perception and have resulted in 
Such concepts as perceptual defense 
(McGinnies, 1949) and vigilance. 
With growing methodological sophis- 
tication the importance of the S's 
prior experience with the stimuli was 
demonstrated, and in particular the 
role of word frequency and its effect 
upon recognition thresholds. But 
just as the frequency findings ex- 
plained at least part of the threshold 
differences attributed to perceptual 
defense, so there arose a need to 
explain the effect of frequency. 

Solomon and Postman (1952) have 
proposed an explanation and Bruner 
(1957) has presented a general theory 
of threshold differences. Both em- 
phasize the importance of competition 
between responses as à determinant 
of threshold. 

Solomon and Postman (1952) write: 

? This work was sponsored by the Founda- 
tions’ Fund for Research in Psychiatry. The 
authors wish to thank John E. Alman for his 


statistical assistance, and Dorothea J. Crook 
for her suggestions. 


When a stimulus pattern is presented at 
short durations or at low illumination inten- 
sities, only fragments of the total word stimu- 
lus are “effective.” Such a stimulus fragment 
may be considered to represent a point on the 
generalization dimension of stimulus patterns 
capable of eliciting the correct verbal response. 
A given stimulus fragment may, of course, be 
located on several generalization dimensions, 
each involving a different word. Which ver- 
bal response will be given depends on the rela- 
tive strengths of association which have been 
established, through generalization, between 
the particular. stimulus fragment and the 
different response words. If the visually pre- 
sented stimulus word has had a greater fre- 
quency of prior usage than any of the com- 
peting response words, a correct response 15 
highly probable. f 

Words of lower prior exercise frequency will 
be interfered with by words of higher exercise 
frequency, This interference will manifest 
itself in the tendency for S's “guesses” to be 
high frequency words. If the actual stimulus 
word is a low frequency word, effective stimu- 
lus fragments will elicit erroneous ‘guesses’ 
until the amount of effective stimulation be- 
comes great enough on successive exposures 
to reduce the number of competing wor 
responses (pp. 199-200). 


The strength of association betwee! 
any fragment and response is deter- 
mined by two factors implicit 1” 
Solomon and Postman's (1952) ex 
planation which can be usefully 
Separated here. The first of these is 2 
function of where on the “generaliza 
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tion dimension of stimulus patterns 
capable of eliciting the correct verbal 
lesponse" the fragment falls. ‘There 
will be a greater strength of associa- 
tion between fragment (stimulus) and 
response if the fragment lies close to 
the stimulus pattern most evocative 
of the response. In addition, however, 
Strength of association depends upon 
the strength of the relationship be- 
tween the most evocative stimulus 
Pattern and the response. It is the 
Strength of this relationship which 
Solomon and Postman suggest is at 
least partly a function of prior 
experience. 

The concept of generalization di- 
mension not only permits the grada- 
tion of stimulus fragments in order of 
their closeness to the most evocative 
Stimulus pattern; it also explains why 
à fragment may be capable of eliciting 
more than one response. The frag- 
ment may be a common element on 
Several generalization dimensions each 
of which is associated with a different 
response. Just as many stimuli can 
elicit the same response if each is 
at some point on the generalization 
dimension for that response, so one 
Stimulus can elicit many responses 
if the responses have that stimulus 
Point in common. It is this “ЪисК- 
Shot" effect of tachistoscopic stimula- 
Поп that opens the way for com- 
Petition between responses. The 
Tagment fires into many generaliza- 
tion dimensions, stimulating a variety 
or possible responses. Ultimately, 
therefore, the likelihood of any given 
Tesponse depends upon its relative 
Competitive strength. 

Tuner’s (1957) conception of the 
Mechanism underlying perceptual 
ailure is in terms of the "accessibility 

Categories," which corresponds to 
*Ssociation strength in the explanation 
Hm olomon and Postman. Categories 

turn correspond to generalization 


dimensions. In discussing the causes 
of interference or competition, Solo- 
mon and Postman emphasize those to 
do with stimulus fragmentation and 
frequency of usage, while Bruner sug- 
gests that the state of readiness of the 
organism makes interference possible 
through a broadening of category 
acceptance ]imits. Both explanations 
agree in proposing that threshold 
differences are a function of some 
competitive or interference process. 

It is toward an understanding of 
this competitive or interference proc- 
ess that the present investigation is 
directed. We have undertaken first 
to demonstrate its existence; previ- 
ously it has been largely inferred from 
response time data and not directly 
demonstrated. Second, we have un- 
dertaken to measure its effect on 
threshold and, finally, to determine the 
relationship between competition and 
word frequency. 


METHOD 


Stimulus materials.—Sixteen four-letter 
words were chosen for presentation in a 
Gerbrands mirror tachistoscope. The stimuli 
were selected on the basis of principles derived 
from an earlier study, to be reported else- 
where. Briefly, however, our problem was the 
control of competition, that is, repetitive 
occurrences of incorrect prerecognition re- 
sponses. We had observed that stimuli which 
elicited a large number of incorrect prerecogni- 
tion responses were, first, words capable of 
being made into other words with few letter 
changes and, in addition, words which elicited 
high frequency responses. Other evidence 
that such responses tend to be of relatively 
high frequency is already in the literature 
(McGinnies, Comer, & Lacey, 1952; New- 
bigging, 1961). 

More specifically, our earlier work sug- 
gested that any response which, in addition 
to being of high frequency, remained faithful 
to the first and last letters of the stimulus, 
differing from it only with respect to a form 
similar middle letter, would be a strong 
competitor. For example, the word “list” 
will become a preoccupation to anyone at- 
tempting to see the word “lint” under 
tachistoscopic conditions, the ready substitu- 
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TABLE 1 


BREAKDOWN OF STIMULI ACCORDING TO THE MAIN VARIABLES 


Main Variables 


High Compet, (C) | High Compet, (Су) 
High Freq. (Fi) | Low Freq. (Fo) 


Low Compet. (Co) 


Low Compet. (C5) 
High Freq. (F:) 


Low Freq. (Fo) 


Stimulus Words 


desk A lint 2 over AA wren 10 

beat AA tusk 2 | wear / nave 2 

some AA scow 3 | kind A fief 1 

case AA mare 14 | book AA drab 4 
Note.—Fri 


equency values from the G count are: 
AA 100 or over per million. 


Numerals indicate counted occurrence per million. 


tion of the s for n generating the competitor. 
Words such as "line" or "lift" both high 
frequency responses, are less probable because 
they do not match the form of the stimulus 
closely enough. 
Stimuli were thus selected to control the 
range of prerecognition responses (clearly 
there are many other ways); the purpose was 
to determine the relationship between com- 
petitive responses and recognition threshold. 
Eight of the stimuli were predicted to elicit 
Strong competitive responses (hig 
words which closely matched t 
and were designated Сі: 
other words were select 
would be few if any co 
these were designated 
interest in the effect of stimulus frequency on 
threshold and the relation between competi- 
tion and frequency, half of each group of eight 
words was of low and the other half of high 
frequency as defined by the Thorndike-Lorge 
G Count. An A and АА rating was taken as 
evidence of high frequency while a rating of 
14 or less was used as evidence of low fre- 
quency. The letters were Printed in lower 


! electric typewriter on 
Eight of the words had high 
letters at beginni i 


h frequency 
he stimulus) 
Ап equal number of 
ed to which there 
mpetitive responses ; 
Co. Because of the 


А at least 50 per million but not so many as 100 per million, 


10 msec., three times at 20 msec. and so on 
until the correct responses occurred twice 
successively within one time period. All 
responses were recorded by E after each 
exposure and the duration of the exposures 
was also noted. The experiment was carried 
out in two separate 1-hr. sessions scheduled 
approximately 1 wk. apart. 

Subjects.—Eight Ss were obtained from 
nearby college placement services and paid 
for their participation. Upon arrival at the 
hospital they were taken to the experimental 


room and seated in front of the tachistoscope. 
They 


were then read the following in- 
structions: 
This isa study in visual recognition, that 
is, how 


you set about recognizing things. 
The machine before you will expose mean- 
ingful words for varying intervals, at first 
too rapid for you to make out much or to 
detect anything clearly. A word will be 
Projected between the penciled guide lines 
you see on the screen. Please report what- 
ever you can make out between the guide 


lines after each exposure. Do you have any 
questions? 


RESULTS 


A logarithmic transformation of the 
data was performed to reduce hetero- 
geneity. The transformed data were 
then subjected to an analysis of vari- 
ance the results of which are presented 
in Table 2. 

It is evident that the main effect for 
competition is significant while that 
for frequency isnot. This means that 
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words designated as high and low 
competitors created a discrepancy in 
mean log recognition time sufficiently 
large to warrant acceptance at the 5% 
level of significance. On the other 
hand, discrepancy between high and 
low frequency words was not suffi- 
ciently large to warrant the assump- 
tion of a differential effect. Figure 1 
Shows the difference between levels of 
competition and levels of frequency 
with the Ss arranged in ascending 
rank order along the abscissa. The 


TABLE 2 


ANALYSIS OF VARIANCE OF MEAN Loc 
RECOGNITION ТІМЕ DATA 


Source df MS F 
Frequency (F) 1 | 2,072.07 1.51 
ompetition (C) 1 | 7,703.51 5.60* 
Е XC | 1 56.44 | «1 
Error (words within Я 
locks) 12 | 1,375.65} —— 
Days (D) 1 876.75 3.07 
DXC 1 31.01 | «1 
DXF 1| 765.39) 2.68 
Ss 7| 721.94 I 
SXF 7| 554.11 й 
SXC 7| 44285| 1.55, 
5 X D 7 | 1,484.01 5.19* 
SXFXC 7 866.07 3.03 
Error 74 286.03 
= 209 


differences are distinct with respect 
to competition but not so with respect 
to frequency. | 

It is also evident that no significant 
interaction occurred between the two 
independent variables. The effect of 
Competition proved independent of 
the frequency of the stimuli, 

The remaining sources of variance 
in the table are concerned with day 
апа S effects. 'The variance for day 
effect is associated with the two 
Separate experimental sessions, and 
does not reach significance. However, 
it is not wholly negative, for while the 

ata indicated that the effect of 
Session is negligible for high frequency 
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FG. 1. Mean log response time for 8 Ss. 
stimuli, it is less so for low frequency 
stimuli. This could be interpreted as 
an indication that low frequency 
words showed a practice effect not 
shared by the high frequency words, 
a probable conclusion. 

Figure 2 depicts the interaction of 
Ss and word blocks. The range of 
individual differences is marked and is 
responsible for the significant M.S for 
Ss. Figure 2 also shows the mean 
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TABLE 3 


NuMBER or HIGH FREQUENCY RESPONSES 
PER STIMULUS AND NUMBER OF HIGH 
FREQUENCY RESPONSES THAT ARE 
COMPETITIVE RESPONSE MATCHES 


Main Variables 
Stimuli КЛАБ Compet 
igh Freq. 7 = 
Response | Response 
Ci 
lint 128 121 
tusk 74 69 
snow 38 35 
mare 15 4 
desk 10 1 
beat 85 42 
some 38 9 
case 26 2 
Co 
wren 17 0 
nave 29 0 
fief 18 0 
drab 18 0 
over 18 0 
wear 22 0 
kind 4 0 
book 32 9 


recognition time for each word block. 
The four means progress in the hy- 
pothesized order. That is, it was 
expected that the low frequency high 
competitor words would be the most 
difficult to recognize. 

Up to this point, comparisons have 
been between the recognition thresh- 
olds of the stimuli predicted to 
encounter strong or weak competition 
on the basis of there being in English 
high frequency response matches for 
each—a match being defined as a 
response which has all but a middle 
letter in common with the stimulus 
and that letter the same shape as its 
stimulus counterpart. lt remains to 
be shown that these words did indeed 
engender strong or weak competition. 
Table 3 indicates the total number of 
high frequency matches Ss reported 
for each stimulus, and also the total 
number of high frequency responses. 
The total number of matches for all 


eight high competitor words was 283 
and that for the low competitor words 
9. The separation of stimuli into high 
and low competitor groups is sup- 
ported by these results. 


Discussion 


The present experiment has been an 
attempt to demonstrate the existence of 
a competitive or interference effect on 
recognition thresholds. Such an effect 
had been previously hypothesized in the 
theory advanced by Solomon and Post- 
man (1952) to explain the repeatedly 
confirmed correlation between frequency 
of word usage and threshold. The 
present data demonstrate the existence of 
the competitive effect. We conclude 
that the availability or unavailability 
of strong competitive responses affects ra- 
pidity of recognition. 

Furthermore, under conditions of 
either high or low competition, there are 
observed no marked differences of thresh- 
old as a result of varying the frequency 
of prior usage of the word stimuli. The 
data suggest only a trend toward a 
frequency effect that does not reach 
statistical significance. With the reser- 
vation that the number of Ss is small, we 
can state that in this experiment the 
frequency of prior word usage of the 
stimuli was not of itself a significant 
variable. 

This conclusion defies the extensive 
experimental evidence advanced to sup- 
port the claim of a stimulus frequency 
effect on threshold. The evidence is 
varied, well-controlled, and convinc- 
ingly presented, and it is in fact not our 
intention to dispute its accuracy. In- 
stead, we intend to explain the frequency 
finding in a new way, by reference to 
what we believe is the more fundamental 
principle behind it. 

What our results suggest is that the 
frequency finding is an outcome of failure 
to control competition among prerecogni- 
tion responses and that when the effect of 
this competition is controlled the fre- 
quency effect markedly diminishes. 

It is important to have clearly in mind 
what is meant here by strong and weak 
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Competitors. Strong competitors 
prerecognition responses with two char- 
acteristics: they are response words with 
à certain formal or structural similarity 
to the stimulus and a high frequency of 
usage. The importance of frequency is, 
therefore, implicit in the concept of com- 
petition, but it is not the frequency of the 
stimulus that is important but the fre- 
quency of the prerecognition responses. 
Competition acts independently of the 
frequency of stimuli, while the strength 
of the competitive response is partly a 
function of general word frequency. W e, 
therefore, suggest the following revision 
of the frequency rule: threshold is not a 
function of the frequency of prior usage 
of stimuli but of the ability or inability 
of the stimuli to evoke high frequency 
competitive responses. These state- 
ments are in contrast with those ad- 
vanced by Solomon and Postman _in 
Which both threshold and competition 
are functions of stimulus frequency. 

Why then has a frequency effect been 
SO consistently found? We suggest that 
the answer lies in a characteristic of any 
random population of high and low 
frequency stimuli: the likelihood of there 
being high frequency matches (strong 
competitors) for low frequency stimuli is 
greater than the likelihood of strong 
Competitors for high frequency words. 

he reason is that the number of suitable 
form fitting responses is limited for any 
Stimulus and the odds are greater of 
there being a high frequency match for a 
low frequency word which already oc- 
Cupies, so to speak, the high frequency 
Slot. The operation of the more funda- 
mental competitive effect has, therefore, 
lain concealed in the previous experi- 
ments on word frequency. 

The present experiments do not, how- 
€ver, allow us to conclude that every- 
thing noted of the effect of prior usage on 
threshold is due to competition. The 


are 


reported results only suggest that much, 
and perhaps most, of the frequency effect 
is due to competition. It remains to be 
seen what other mechanisms may medi- 
ate the previously observed frequency 
effect. 

A final word: the present experiments 
serve to give much needed attention to 
the formal or structural features of the 
stimulus, and the effective stimulus frag- 
ments, in the determination of threshold. 
In many experiments an attempt has 
been made to avoid the structural prob- 
lem by the use of capitalized stimuli. We 
doubt that this is ever altogether success- 
ful and may only serve to render the 
exact delineation of the role of structural 
features more difficult. It has long been 
known that structural features play an 
important part in threshold levels, but 
much remains to be discovered as to the 
mechanisms behind these threshold dif- 
ferences. Frequency itself may play a 
role and, as has been here suggested of 
those complex forms which are words, 
the effect of frequency may be mediated 
by competitive processes. 
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5з were first presented a series of 
and then exposed additionally to extreme 


the 160 Ss made their judg 
the other half in 1—5 catego: 


ranges of the standard weights de 
means or adaptations levels; Wea 


by variation in number of preanch 
anchors. All 4 variables significantly 


the importance of p 


If it is true, as Helson (1947) has 
implied, that the effects of all previous 
stimulation upon judgments of a novel 
stimulus can be summarized as a 
single value, a weighted mean of 
previous stimuli, then adaptation 
levels. (ALs) produced by different 
stimulation histories would have 
equivalent effects upon the judgment 
of any novel stimulus. 

It is with this question that this 
study is mainly concerned. The 
general approach consisted of present- 
ing Systematically varied sets of 
stimulation aimed at producing equiv- 
alent ALs and determining their 
effects upon the judgment of common 
stimuli. Stimulus variations included 
adaptation range, anchor magnitude, 


! Financial aid for this study, initiated in 
1955 when both authors were visiting at Yale, 
was provided by the Yale University Com- 
munications Research Program under the 
direction of Carl Hovland and supported by 
a grant from the Rockefeller Foundation, to 
both of whom we express our thanks. We 
also wish to thank Jack Donovan for his help 
in collecting the data and Don Van Ostrand 
for his help in analyzing them. 
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5 weights under varied conditions 


Half of 
al language) and 
ige). ‘The design 
Narrow and Wide 
ied to produce common geometric 


anchoring stimuli. 


er and Stronger scales, represented 
or trials; and Lighter and Heavier 


affected. judgments, indicating 


arameters generally not treated in adaptation level 
theory and suggesting that some of the anchoring 
tained are affected by the judgmental | 


effects typically ob- 
language. 


adaptation duration, and judgmental 
language. 


Adaptation range.—The differences in 
the ranges of the two sets of weights are 
depicted in Table 1. If judgments of a 
stimulus are determined by its relation- 
ship to an AL, or geometric mean, then 
judgments of Weights 3 and 7, as well as 
of the two anchors, should not be affected 
significantly by width of stimulus range. 
It was our assumption, however, that 
Tange variation would result in different 
judgments of the common stimuli and 
in different reactions to extreme anchors. 

Magnitude of anchor.—Will prelimin- 
ary stimulus series of common ALs but 
varied ranges be affected similarly by the 
introduction of more extreme stimuli 
(anchors)? If range is an important 
Variable, then the effects of an anchor 
should be greater for the narrow than 
for the wide Scale. To test this assump- 
tion, two magnitudes of anchors were 
used. 

Adaptation duration —Both common 
sense and results from other studies (e.g. 
Harvey & Caldwell, 1959; Johnson, 
1949; Tresselt, 1947) strongly suggest 
that ап AL based on a large number о 
experiences with a set of stimuli should be 
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TABLE 1 


STANDARD AND ANCHORING 


STIMULI 


Wide Range Narrow Range Anchors 
1. — 
Sti s ei Stimulus | Weight Weight 
Numbers | XGA [summers] (Gm) | Xu) 
г | 305.5 
3 361.9 3 361.9 
4 | 393.9 
5 428.7 5 428.7 
6 | 466.6 
7 | 5078 | 7 | 5078 
9 |6015 


less affected by the introduction of 
extreme anchors than one derived from 
fewer exposures. This question has not 
been answered, however, within the 
framework of AL theory. To answer it, 
variation was made in the number of 
times stimuli were presented in the pre- 
anchor session. | | 
Physical vs. comparative judgment 
language-—By a physical language we 
mean to refer to a relatively context-free 
language, one which is based upon more 
absolute criteria, such as those used in 
physics and implied in everyday judg- 
ments of such attributes as heaviness in 
pounds, distances in feet, etc. In this 
study the physical language is the scale 
of ounces applied to judgments of lifted 
weights. This is in contrast to the com- 
parative language generally employed 
in the method of single stimuli in which 
such standard terms as "heavy" and 
"very heavy," or the numerical evalua- 
tions of 1-5, for example, imply com- 
parisons which are uninterpretable with- 
out knowledge of the context of the 
comparison. | 
The physical language, moreover, 
should be possessed of a greater divisi- 
bility and extendability than is the 
traditional comparative language. Hence 
the readjustments generally resulting 
from extreme anchors may be as much a 
reflection of “vocabulary exhaustion, 
restriction of the number of usable cate- 
Богіеѕ, as of an inability to discriminate 
among the stimuli. If so, the anchoring 
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effects should be less for an open-ended 
physical language than for a restricted 
comparative language. This possibility 
was tested in the present study by 
duplication of the experimental condi- 
tions with physical and comparative 
languages, the first time, we believe, that 
a direct comparison will have been made 
between anchoring effects on judgments 
rendered in the traditional categories and 
judgments made in ounces. 


METHOD 


Apparatus.—The experimental stimuli 
were small cylindrical glass jars, of the same 
size and filled with varying amounts of lead 
shot, sand, and cotton in such a way that the 
balance of the weights was sufficiently similar 
that minimal gravitational cues were provided 
for identification of particular weights. 
Judgments of the weights, instead of being 
announced orally, were recorded by Ss on a 
10-key electric adding machine (placed on a 
table that also supported the arm of S not 
involved in lifting weights). This way of 
communicating judgments resulted from the 
uncommon method of collecting data from 
more than 1 S at a time, which, in order to 
prevent social influence, necessitated that Ss 
not make their judgments aloud. By means 
of four 5 X 5 ft. plywood partitions and 
automatic timing devices 4 Ss served simul- 
taneously. The partitions extended diag- 
onally from the corners of a 5 X 5 ft. square 
in which E sat and controlled the presentation 
of the weights. The Ss sat outside the square, 
1 against each side, with their right arms 
extending into the inside through a cloth 
covered opening in each side of the square. 
Attached to inside walls of the square at 
appropriate places were arm rests cushioned 
with foam rubber on which Ss reclined their 
arms, palms upward, between trials. When 
lifts were being made, the arm was free of the 
rest, the lift being made from the shoulder for 
greater accuracy of judgments (Oberlin, 
1936). Each .S was presented a stimulus 
every 30 sec., following a ready signal 
represented by a brief flash of a small red 
bulb on the partition in front of him and 
activated by electrically sensitized contact 
points on a rotating timer-wheel that was 
driven by a 1-rpm synchronous motor. Eight 
contact points were attached to the timer at 
equal distances, so that the time interval 
between the presentation of a stimulus to each 
succeeding 5 was 74 sec. and the time between 
the trials of a given S was 30 sec. Immedi- 
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ately following the ready signal, E, seated on a 
Swivel chair inside the enclosed square placed 
the weight flatly on the palm of the appro- 
priate S who then had 71 sec. in which to lift 
the weight and form a judgment of it. 

Procedure.—The study was carried out as 
two experiments, one involving use of the 
Physical judgmental language and the other, 
a replication, using the Comparative judg- 
mental categories. The design in each of the 
language variations wasa 2 X 2 X 2 factorial: 
Narrow and Wide range of the sets of stimuli 
entering into the formation of presumably 
equivalent ALs; Weaker and Stronger scales 
or varied adaptation duration; and Lighter 
and Heavier anchoring stimuli, with blocks of 
trials cutting across each condition. 

In the physical language condition judg- 
ments of heaviness of the weights were 
recorded in ounces, while in the comparative 
language variation judgments were made in 
the numerical categories of 1, 2, 3, 4, and 5. 
Stability duration of the AL was varied in 
terms of the number of preanchor presenta- 
tions of the standard stimuli: 10 presentations 
for each of the five weights in a series for the 
Weaker scale and 25 presentations of each 
of the five weights in the Stronger scale. The 
differences between the Narrow and Wide 
sets of stimuli employed to produce what was 
presumed to be equivalent ALs can be seen 
from Table 1. For anchors, the Light anchor 
of 654.7 gm. was only one log-unit step above 
the upper limit of the wide series, while the 
Heavy anchor of 1097.1 gm. was seven units 
above this value, In devising the two sets of 
stimuli calculated to produce the same AL, we 
deliberately ignored the "d" factor (Helson, 
1947, p. 6) because to have applied it here 
would have assumed a differential effect of 
the narrow and wide range conditions which 
instead was one of the major effects we were 
interested in demonstrating. 

The experiment was divided into two 
Sessions, separated by a rest interval of x 
min. during which conversation between Ss 
was not permitted. In the first session, aimed 
at the formation of scales and ALs of differing 
stability, Ss were exposed to five standard 
weights of either the wide or narrow range 
for either 10 or 25 presentations per weight 
which were judged in either Ounces or 
categories 1—5. In the second Session Ss were 
exposed to either the lighter or heavier anchor 
for 50 trials along with 10 more presentations 
of each of the standard weights they had 
judged in the preanchor session. а 
weight was always preceded by one of the 
standard stimuli. In both the scale formation 
and anchor sessions, the presentation of the 
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standard stimuli was randomized within each 
round of five weights for each group of 4 Ss. 

To avoid confounding effects of labeling 
with the physical extremity of the anchor 
stimulus, the anchors were not labeled in this 
study, unlike most studies involving anchor- 
ing effects, nor were any cues given to Ss by 
E to indicate that a heavier weight was being 
introduced. Here Ss were free to apply their 
judgmental categories to the total range of 
stimuli, including both the standard and 
anchor weights in whatever way they deemed 
appropriate without the usual instructional 
restriction that the extreme categories should 
be applied to the extreme, anchoring stimulus. 

The actual procedure was as follows: After 
‘Ss had been properly seated and shown how 
to use the adding machines to record their 
judgments, they were advised that their 
task was to judge the heaviness of a number 
of weights from lifting them. In sequence, 
they were instructed that a weight would be 
placed in the palm of their hand each time the 
bulb flashed in front of them. The weight was 
to be lifted, from the shoulder, for 73 sec. 
and then the judgment of its heaviness re- 
corded on the machine. Depending on 
whether the judgmental language condition 
was physical or comparative, judgments were 
recorded in either ounces or categories, ] for 
the lightest and 5 for the heaviest weight in 
the latter case. 

To prevent Ss from using the noises from 
the other adding machines as cues for their 
own judgments, they were erroneously told 
that they would receive different weights. 
Social influences were further minimized by 
not allowing conversation during the ex- 
perimental sessions. 

Subjects—The Ss were 160 undergraduate 
students enrolled at Vanderbilt University 
during the fall of 1957, 10 in each of the 16 
conditions of this study. The data from 20 Ss 
who Participated in a pilot study at Yale 
University are not included. 


RESULTS AND DISCUSSION 


Effect of adaptation range on pre- 
anchor judgments.—Table 1 shows 
that Weights 3, 5, and 7 were common 
to both the narrow and wide range of 
stimulus weights. If the AL in this 
case may be represented by a geo- 
metric mean, then both ranges of 
weights should have produced an 
equivalent AL and Weight 5 should 
not have been judged significantly 
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differently under the two scale widths. 
f, on the other hand, the range 

within which the common weights are 

embedded is important, then Weights 

3 and 7 should be judged as lighter 

and heavier, respectively, under the 

narrow than under the wide ranges, 
appearing more extreme when repre- 
senting the end points of the scale 
than when being surpassed at both the 

Upper and lower limits by more 

extreme stimuli (Weights 1 and 9). 

ln Table 2 are presented the mean 

Judgments of Weights 3, 5, and 7 in 

the preanchor session for both cate- 

Sories and ounces languages. 

" The data from which the results in 
"able 2 were summarized were treated 
Y analyses of variance (Lindquist, 

1956), а separate analysis for each of 

Y eights 3, 5, and 7 under the narrow 

and wide ranges, and weaker and 

Stronger scales across blocks of five 

Judgments in the preanchor phase, for 

й total of 12 analyses for the three 

Common weights. Since these anal- 

yses were based on preanchor judg- 

Tents, lighter and heavier anchor 

Sroups were combined into a single 

&roup. But because the weaker and 

Stronger scales were based on different 
"equencies of preanchor trials (10 vs. 

25 trials per weight) separate analyses 

Were necessary for the variations in 

Scale Strength. 

In confirmation of the intent of the 
design, judgments of Weight 5, the 
Numerical value of which was pre- 
Sumed to represent the AL for both 
the narrow and wide ranges, were 
affected almost not at all by variation 
'n adaptation range for either lan- 
Suage in either the stronger or weaker 
Scale (average F = .68). Judgments 
of Weights 3 and 7, on the other hand, 
Were significantly influenced (p < .01) 

Y the difference in range when rend- 
ered in the 1—5 categories (F for strong 

Scale = 9,00, and for weak scale 


TABLE 2 


TS OF COMMON WEIGHTS 3; 35, 


MEAN JUDGME 5, 
THE PR 'CHOR SESSION 


Strong Scales Weak Scale^ 
Weights 
Narrow Wide Narrow Wide 
Range Range Range Range 
Categories Language 
3 2.05 2.50 2.00 2.40 
5 3.30 3.35 3 3.45 
7 | 445 4.10 4.5 4.15 
Ounces Language 
3 12.70 9.20 10.05 11.05 
5 17.40 13.35 15.50 16.10 
7 23.80 18.90 21.80 24.15 


a 25 Preanchor judgments per weight. 
b 10 Preanchor judgments per weight. 


= 11.33), with Weight 3 being judged 
as lighter and Weight 7 as heavier in 
the narrow presentation, as was 
predicted. When made in ounces, 
however, judgments of Weights 3 
and 7 in both the strong and weak 
conditions were not significantly af- 
fected by range differences (average 
F = 1.36). 

The differential effect of range for 
the two judgmental languages may be 
highlighted by a more direct com- 
parison, the difference between differ- 
ences of judgments of Weights 3 and 7 
under the narrow and wide ranges in 
the preanchor series. For each S a 
single measure of spread was com. 
puted by subtracting the mean judg- 
ment of Weight 3 from the mean 
judgment of Weight 7. Since there 
were no significant differences in these 
spread measures between the weal 
and strong conditions, these two 
conditions were collapsed, providing 
40 Ss under each of the narrow and 
wide ranges. The difference between 
these (7-3) span measures provided a 
t of 7.62 (p < .01) for the category 
judgments and a 7 of only ‚10 for the 
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ounces judgments (with the tendency 


for a wider span under the narrow 
range for both judgmental languages). 
The difference between these differ- 
ences in range effects for the two 
languages yielded a / of 5.32 (using 
1.414 as the standard error of the 
difference between two t's under large 
sample conditions), significant at 
better than the .001 level. Thus the 
effect of adaptation range on judg- 
ments of Weights 3 and 7 appears nil 
when judgments were made in ounces, 
but marked when the judgments were 
given in the discontinuous categories. 


The fact that differences in stimulus 


"d" factor (Helson, 1947, p. 6) been 
included, the AL for the narrow range 
would be 401 gm. and the AL for the 
wide range would be 373 gm. If AL were 
the major determinant of judgments, 
then all three weights, 3, 5, and 7, should 
have been judged heavier in the wide 
range condition because of the lower AL 
value. This is not what obtains. In- 
stead, in the wide range Weight 3 was 
judged significantly heavier and Weight 
7 significantly lighter, with no range 
differences for Weight 5, all of which is 
more compatible with range determina- 
tion than AL influence. 


Effects of anchors on judgments of 


Weights 3, 5, and 7.—1n Table 3 are 


presented the means and / ratios 
based on the differences between 
judgments of Weights 3, 5, and 7 in 
the preanchor and anchor sessions 


ranges significantly affected categories 
judgments of Weights 3 and 7 cannot be 
explained by our omission of the “4” 
factor in determining the AL. Had the 


TABLE 3 


MEANS AND / RATIOS BASED ON CHANGES IN JUDGMENTS OF WEIGHTS 3, 5, 
AND 7 OCCURRING IN THE ANCHOR SESSION 


———— ры ЫШ rn Se QR 


Categories 
Cond. Weight 3 Weight 5 Weight 7 
enema RE РАНИЕРИ E a E 
т Diff із z Diff | t r Diff t 
NSL .84 6.70 1.05 9.39 1.40 10.32 
NWeL idl 7.14 1.22 9.68 1.51 8.16 
NSH .66 3.84 1.41 4.77 1.86 6.73 
NWeH .76 4.27 1.58 10.46 2.14 12.09 
WiSL .62 7.60 5 6.62 Py fh | 8.31 
WiWL 51 2.62 .80 4.44 .98 4.32 
WiSH 1.12 7.41 1:35 11.65 1.67 12.36 
WiWeH .91 3.52 1233 19.97 1.72 20.07 


Ounces 


74 68 A 33 
N Wel. 1.00 1.4] 2.59 2.93 2.95 2.44 
NSH 6.03 3.34 8.86 3.60 11.38 3.96 
NWeH 2.15 2.12 6.82 4.35 7.63 4.78 
WiSL 1.75 4.18 2.76 
WiWL 1.53 1.47 —.20 WE en E 
WiSH 2.01 3.15 3.43 3.90 5.55 3.37 
WiWell 3.13 5.94 4.14 4.80 5.81 4.40 

Ene ие еар condition = 10. p 


Abbreviations for experimental conditions: N 
We = weak preanchor scale (10 trials per weight); S 
anchor; and Н = heavier anchor. 

a For df = 9, t for p.os = 2.26, for f. = 3.25, 


~ narrow adaptation range; Wi = wide adaptati б 
S 1 х УБ а adaptation range; 
— strong preanchor scale (25 trials per weight); L = lighter 
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lor each of the 16 experimental condi- 
tions. In 47 of the 48 cases in- 
troduction of the anchors (heavier 
Weights) resulted in the standard 
weights being judged as lighter than 
the preanchor evaluation of them, 
significantly so in all conditions under 
the categories treatment and in most 
Of the conditions under the ounces 
anguage. The heavier anchor pro- 
duced significantly greater judgmental 
change on each of the three weights 
Under both languages than did the 
Ighter anchor (p « .001). 

In anticipation of a more statis- 
“cally precise and appropriate com- 
Parison which will be presented later, 
it should be noted that the anchoring 
effects were consistently more pro- 
^ ounced when the categories language 
Vas used than when the ounces 
CIStinctions were made. Of the 24 
flerences compared under the cate- 
gOries language, 23 were significant 
at less than the .01 and the other one 
at less than the .05 level. On the 
Other hand, only 13 of the compared 
differences in the ounces language 
Were Significant at less than the .01 
level while 8 failed to attain the .05 
“ЛЫ. pf significance. The results in 
lable 3, however, demonstrate clearly 
‚оГ both the ounces and categories 
Judgments one of the most general 
and basic effects of stimulus context, 

7, the relativity of experienced 
Stimulus intensity to the background 
» membership character of the stimu- 
ation. 

Adaptation range and effects of 
anchors on scale shift—The shift 
Ward judging Weights 3, 5, and 7 
as lighter following introduction of the 
Anchors was expected to be greater 
Ог the narrower than for the wider 
iL aptation range. F tests based upon 
1^ data summarized in Table 3 
showed this to be only equivocally the 
“ase, On the total shift in judgments 


of the three weights combined, varia- 
tion in scale width exercised a signifi- 
cant effect, with judgments in the 
narrower scale changing more than 
those in the wider scale under both the 
ounces (/ = 4.00, p < .05) and cate- 
gories (F = 11.60, p < .01) language. 
With change treated separately for 
each of the three weights, however, 
scale width differences failed to in- 
fluence significantly judgments of 
Weight 3 under both languages 
(b < .10) as well as of Weight 7 
under the ounces treatment (p < .10). 
Hence adaptation range produced 
anticipated differences only for judg- 
ments of Weights 5 and 7 in the 
categories language (p < .05 and 
< .01, respectively) and of Weight 5 
in the ounces condition (p < .05). 
Further, the magnitude of anchor 
failed to interact significantlv with 
scale width in effecting judgmental 
change. 

Absence of effects of scale breadth 
on shifts in judgments of Weight 3 
under the categories language may be 
the result of the remoteness of this 
weight from the anchors, a possibility 
implied by the fact that the anchoring 
effects (toward lighter judgments) on 
the standard weights progressively 
decreased with increased remoteness 
of the weights from the anchor. "This 
possibility does not apply, however, 
for the irregular effects of scale width 
under the ounces treatment for not 
only were judgments of Weight 3 
unaffected when given in ounces but 
judgments of Weight 7, close to the 
anchor, also were unaffected. It is 
probable, therefore, that the lack of 
scale width effects under the ounces 
treatment stems from the greater 
open-endedness and elasticity of this 
judgmental framework. 

Effect of adaptation duration or 
strength of preanchor scale on judgment 
shift.—From Table 2 it may be noted 
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TABLE 4 
MEANS AND £ RATIOS BASED ON THE 
DIFFERENCES BETWEEN THE FIRST 
Five AND Last FIVE JUDGMENTS 
Or WEIGHTS 3, 5, AND 7, IN 
THE ANCHOR SESSION 


Weight 3 Weight 5 Weight 7 
Language 
2 рш. | e |zDif.| i zDif.| | 
Categories} .12 [2.46] .13 |223| —.10 —1.28 
Ounces 59 |2.00] .17 |2.59| —47 |—1:46 


at for posat df = 78 = 2.00. 


that 25 preanchor trials per standard 
weight rendered the concept of the 
weight no more stable or resistant to 
influence by the anchor than did only 
10 exposures to each weight. Anal- 
yses of variance based on the scale 
changes showed no significant differ- 
ence between the two practice fre- 
quencies for any of the three weights 
in either language treatment (largest 
F = .68). Nor did adaptation dura- 
tion interact significantly with either 
width of scale or magnitude of anchor. 

Efect of repetition of anchor on shift 
of scale.—This effect was tested by 
і ratios based on the mean difference 
in amount of shift between the first 
five and last five judgments of the 
common weights 3, 5, and 7 in the 
anchor session, collapsed across scale 
width, Strength, and anchor. 
the results in Table 4, it can be seen 
that while judgments of Weight 7 
under neither language was differ- 
entially affected by the temporal 
variation of the anchors, judgments of 
Weights 3 and 5 were significantly 
more depressed by the first five than 
by the last five exposures to theanchor 
weights. Anchor trial blocks, how- 
ever, did not interact significantly 
with scale strength, width, or anchor, 
as determined by Separate £ tests 
under each of these conditions, 


From 


The greater effect of the earlier ex- 
periences of the anchor is contrary to 


Helson's theory when the trials in both 
the preanchor and anchor sessions are 
all regarded as part of the “specious 
present." The suggested modification 
of Helson to weight recent judgments 
more heavily than remote ones would 
predict a still sharper trend in the 
direction opposite to that obtained here. 
The simplest, and perhaps most plau- 
sible, explanation of the greater effects 
of the carlier anchor experiences is that 
early in the anchor phase S tended more 
to confuse the anchor with the scale 
weights, a tendency which dissipated as 
further experience allowed him to dis- 
criminate more accurately between the 
anchor and the other weights. 


Judgmental language and effects of 
anchor on shift of scale.—1n order to 
make a more direct comparison of the 
anchoring effects on the judgments 
made in ounces and those rendered in 
categories it was first necessary to 
convert the shifts to some sort of 
common denominator. This was 
done by transforming the judgmental 
changes into z's, which in this case 
were represented by the difference 
between the means of an S's pre- and 
postanchor judgments of each of the 
three common weights, 3, 5, and 7, 
divided by the SD for the preanchor 
judgments in eight conditions com- 
bined under each of the language 
treatments. The SDs were thus de- 
rived separately for judgments in the 
two languages, and the mean change 
in an S’s judgment subsequently was 
expressed in units of the appropriate 
SD represented by his change. 

In Table 5 is presented a compari- 
son of the shifts in scales produced 
by the anchors under the two judg- 
mental language treatments. For 
each of the three common weights, 
3, 5, and 7, anchoring effects were 
significantly greater for the judgments 
made in categories than those given in 
ounces, something that has been 
implied several times in our results 
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reported so far. Thus, while demon- 
Strating that the anchoring effects 
long observed in the method of single 
stimuli obtain both for more restricted 
and less restricted judgmental lan- 
Suage, this study has also shown that 
the anchoring effects are accentuated 
when S is faced with the necessity of 
fitting extreme (anchoring) stimuli 
into categories numerically sufficient 
for only less extreme (standard) 
Stimuli. Since the extreme stimulus 
must be included in the more closed 
evaluative system, it is not surprising 
that an alteration in the application 
ol the same categories to preanchor 
Stimuli is the outcome. Given a more 
unbounded scale, as in the ounces 
Judgments, S is not forced to change 
Us preanchor evaluations because of 
"IS freedom to employ new, more 
extreme, evaluations to encompass the 
More extreme stimuli. The changes 
“ue to the introduction of anchors 
"Under the usual method of single 
Stimuli are shown to be due to at least 
two factors, one presumably due to 
i 16 restricted judgment language, one 
-° а shift in adaptation level or 
Judgment base. Presumably the lat- 
°г obtains more heavily in the cases 
5, discriminations made in ounces. 

le results presented thus far 
Pertain to effects of the anchor upon 
"cale shift as a function of the several 
dependent variables. Also of theo- 
Ctical Significance, however, 1s the 
effect of the treatments upon judg- 


TABLE 5 
JUDGMENTAL LANGUAGE AND MEAN Suirr 
IN JUDGMENTS OF COMMON 
WEIGHTs 3, 5, AND 7 


Weight | Categariesl Ounces Diff. | ta 
3 | 1.688 428 | 1.260 | 2.703 
5 | 2.618 426 | 2.192 | 4.810 
7 | 2.931 369 | 2.562 | 5.492 


Note.— Based on 

at for posat df = 
ments of the anchors themselves, 
extractable in this study because of 
the unlabeled nature of the anchors. 
The mean judgments of the anchors 
under each of the main conditions are 
presented in Table 6. From separate 
analyses of variance for the two 
languages, strength of scale and 
magnitude of anchors yielded a sig- 
nificant effect on judgments of the 
anchors under both languages while 
width of scale showed no significant 
effect on anchor judgments in either. 
In the ounces language the F for scale 
strength was 12.71 (p < .01) and 
for anchor magnitude was 108.16 
(р < .001). The respective values in 
the categories treatment were 9.09 
(p « .01) and 37.33 (p « .001). 


The finding that strength of scale did 
not affect the influence of the anchors on 
the scale but significantly affected judg- 
ment of the anchors themselves parallels 
the results obtained by Harvey and 
Caldwell (1959) in a related study. This 
outcome is doubtlessly consistent with 
various theoretical interpretations, rela- 


TABLE 6 
i Ч APSED ACROSS TRIAL BLOCKS 
8 MEAN JUDGMENTS OF ANCHORS, COLLAPSED A 
Strong Weak 
Jud - UE а ; "^w 
DA dM em йуу АШОК Light Anchor Heavy Anchor 
i Ч " Jide | Narrow Wide Narrow ji 
т Narrow Wide Narrow Wide Narrow i arrow Wide 
Unces 28.19 18.08 | 58.16 | 4644 | 25.14 | 47.78 | 66.58 | 47.55 
ategories| “4.82 4.60 4.85 | 4.95 4.52 4.56 4.78 4.40 
x .82 
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tive effort and fatigue being among the 
more immediately suggested possibilities. 
If this were the explanatory variable, 
however, the heavier anchor should have 
been experienced progressively heavier 
with repetition of the anchor. Yet not- 
ably absent for both ounces and cate- 
gories judgments was any effect ap- 
proaching significance of differences in 
trial blocks of the anchors, either as a 
main effect or in interaction. Hence 
other explanations have to be invoked. 
We prefer the possibility that stronger 
and better defined concepts (of heaviness, 
of social objects, or of whatever) result 
in a narrower latitude or defining limits 
of the concept with the result that the 
same stimulus phenomenologically would 
be more distant from it than from a 
weaker concept of wider and less defini- 
tive limits. In support of this possibility 
is the common observation that it is the 
person with the strong and narrow 
concepts who is more sensitive to events 
that deviate from his concepts and who 
is more likely to exaggerate the deviation. 
Thus the more opposed individuals were 
to the use of alcohol, the greater was their 
tendency to exaggerate the “wetness” 
of a communication which in reality 
was only slightly favorable to alcohol 
(Hovland, Harvey, & Sherif, 1957). 


Width of scale and 
nitude interacted significantly in 
judgments of the anchors for both 
judgmental languages (F for ounces 
= 19.33, p < 1001; F for categories 
= 6.373, p < .02). But the direction 
of the interaction in the two cases was 
opposite. In the ounces language the 
lighter anchor was judged significantly 
heavier in relation to the wider scale 
while the heavier anchor was eval- 
uated as being significantly heavier in 
relation to the narrower scale. Just 
the reverse was the case for the cate- 
gories judgments. Strength (based 
on variations in number of preanchor 
trials) interacted significantly with 
anchor for ounces judgments only 
(F = 4.07, p < .05), with the lighter 
anchor being judged significantly 


anchor mag- 


heavier in relation to the weaker seale, 
but with no significant difference be- 
tween scale strength in judgment of 
the heavier anchor. And in both 
languages a significant interaction oc- 
curred among strength, width, and 
anchor (F for ounces = 17.41, p <.01; 
F for categories = 5.80, p < .05). 

Effects of anchors on fineness of dis- 
crimination.—One of the traditional 
interests in the method of single 
stimuli, particularly as summarized by 
Volkmann (1951), is in the effects of 
the anchor on the fineness of dis- 
crimination resulting from the experi- 
mental treatments. Two measures of 
such effects were employed in this 
study: changes in SDs of the judg- 
ments following introduction of the 
anchor (closer to the more traditional 
measure), and changes in coefficients 
of correlation between the actual 
weight and judgments of that weight 
(see Campbell, Lewis, & Hunt, 1958, 
for a similar analysis). Thus entering 
into the latter measure of change in 
scale discrimination were two correla- 
tion coefficients (corrected for small 
number of intervals in the case of the 
category judgments): one based on 
preanchor judgments of the standard 
stimuli and the other based on judg- 
ments of the same stimuli after 
introduction of the anchor. 

The effect of judgmental language 
on changes in discrimination was 
measured by a / test based on a con- 
version of the differences between 7's 
under the two conditions to normal 
deviates. The normal deviates were 
determined by dividing the difference 
between the correlation of each S's 
preanchor and anchor judgments by 
the SD of all preanchor correlations 
under both categories and ounces con- 
ditions. (In the stronger scale treat- 
ment the correlations entering into 
the overall SD were from the last 50 
of the total 125 preanchor judgments.) 
The difference in change in scale 
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discrimination between the two judg- 
mental languages yielded by this 
analysis did not approach significance 
(mean difference = .391;/ = .744). 
With the establishment of no differ- 
ence between judgmental languages, 
the z's for both sessions were trans- 
formed to Fisher s's and treated by an 
analysis of variance for the effects of 
Strength and width of scale and 
Magnitude of anchor on alterations 
In scale discrimination. Significantly 
greater loss in discrimination occurred 
in the narrow than the wide scale 
(F = 9227; р < .001) and for the 
heavier than for the lighter anchor 
(F = 5.28; p < .05). Strength of 
Scale had only a very negligible effect 
On changes in discrimination as did 
the interaction of the variables (F for 
total interaction = .328). 
. In each of the 16 conditions the 
introduction of the anchor reduced 
Judgmental variability for a large 
Majority of the Ss, with 96% of the 
total sample being so affected. The 
Tequency of this reduction, according 
to the sign test (Dixon & Massey, 
1951), was statistically significant for 
all eight conditions under the cate- 
SOries language and for six of the 
Conditions in the ounces treatment. 
n Table 7 is presented the mean dif- 
erence in magnitude of this vari- 
ability change between scale widths, 
Strengths, and anchors. ln the cate- 
Sories language a trend towards greater 
reduction in variability occurred (only 
at the .10 level) for the narrow than 
he wide scale ; significantly greater re- 
duction in variability occurred for the 
Weak than the strong scale and for 
the heavy than the light anchor 
(p< .05). In the ounces treatment, 
lowever, only anchor magnitude had 
an appreciable effect on reduction of 
Variability, with the heavy anchor 
exercising a more stabilizing influence 
9n judgments than the light anchor 
Only at the .10 level). 


TABLE 7 


CHANGES IN JUDGMENTAL VARIABILITY (5/7) 
FROM INTRODUCTION OF THE ANCHOR 


Categories 
Comparisons ш 
x Diff. | t 


Narrow-Wide | .64 


scale 
Wi Strong | .62 | 1:0921] .17 | 2.240* 
scale 
-Light 1.14 [1.823]. .14 2.075* 
anchor 
жр < .05. 
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2 


experiments on conce 


model of thinking. The model 


follow the laws of overt verbal responses. 


pairs of stimulus values confirm 
similar, neutral, and opposite. 


dimension. 
А negative displacement of the t 
shift. The results were judged 
Cadwallader's. reformulation 

Osgood's original formulations. 


The present paper is concerned with 
discovering the effects of adding an- 
other kind of shift in a reversal- 
nonreversal learning situation (Kend- 
ler & Kendler, 1962). A reversal shift 
involves reversing the reinforcement 
contingencies for two values of a 
relevant stimulus dimension; for ex- 
ample, reinforcement is changed from 
black (+) and white (—) to black 
(—) and white (+). A nonreversal 
shift changes the relevant dimensions, 
for example, black (+) and size 
irrelevant is shifted to large (+) and 
brightness irrelevant. By adding a 
third stimulus value to the dimensions 
of size and brightness (i.e. 
Size and gray) 
stitute an intra. 
involves an en 


» medium 
; it is possible to in- 
dimensional shift which 
d and central point of a 
stimulus dimension, for example, rein- 
forcement is shifted from black (4-) 
to gray (+). A reversal shift, in 
contrast, involves an intradimensional 
Shift of the two polar points of a 
stimulus dimension. 

In terms of the concepts described : 
black-gray, black-large, and black- 
white, the three types of shifts referred 

1 This research was Supported by Grant 


M-5729(A) from the National Institutes of 
Health, Public Health Service, 


pt shifts were conducted to test a theoretical 


assumed that mediating responses 


ed an a priori shift clas 
Transfer effects for the 3 types 
were compared on successive concept shifts. 

function was obtained for the similar, neutra 
Inflection of the curve occurred at 


22 


Ratings of verbal 


fication of 
of shifts 
А quadratic transfer 
1, and opposite shift 
the neutral position. 


ransfer function occurred after the Ist 
as more consistent with Bugelski and 
of Osgood's transfer laws than with 


to above may be viewed as tests foi 
transfer across semantically similar 
(S), neutral (N), and opposite (O) 
concepts. Validation of the classi- 
ficatory scheme S, N, O was under- 
taken by requiring Ss to make judg- 
ments of the verbal labels for the 
successively correct concepts in terms 
of their similarity, neutrality, or op- 
position. The ratings were also used 
to permit comparisons between trans- 
fer effects in concept shifts and verbal 
learning data related to Osgood's 
transfer surface (Bugelski & Cad- 
wallader, 1956; Osgood, 1946, 1949). 

Two studies are presented. The 
first investigates relative postshift 
acquisition rates for the three types 
of shifts and S's S-N-O ratings of the 
verbal designations for the relevant 
Stimulus values. In both experiments, 
the effects of overt verbalization were 
compared to implicit verbal respond- 
ing, and the consequences of informing 
S that reinforcement is being shifted 
were also investigated. 


EXPERIMENT I 
Method. 


Design.—A 3 x2 
was used involving с 
О), instructio 
about the s 


X 2 X 2 factorial design 
oncept shifts (S, N, and 
ns (informed and not informed 
hift), articulation (overt and 
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covert verbal behavior), and relevant stimulus 
dimensions (size and brightness). 

Subjects—The Ss were 96 female students 
at Hollins College with an age range of 18 
to 20 yr. Two additional Ss were discarded 
due to reinforcement programing errors. 

.Apparatus.—An — Esterline-Angus chart 
drive was mounted in a 12.5 in. high X 9 in. 
long black enamel container with a 10° back- 
ward tilt. A transparent aperture, 5 in. 
long X 2.5 in. high, was located in the center 
9f the container. Two inches below, à 
Tesponse box was mounted. The forward 
Surface of the response box was 7 in. long 
x 4.25 in. high and was mounted with a 30° 
tilt. Two pilot lamps, .5 in. diameter, were 
Mounted on the forward surface of the 
response box, 1 in. from the top. The lamps 
Were set 3 in. apart, one was marked “correct” 
and the other, "wrong." Three push-button 
Switches were mounted 2.5 in. apart and 
located 1 in. below the pilot lamps. 

, One hundred sixty successive sets of three 
Stimuli (i.e, three that were viewed simul- 
taneously) were mounted on a 6-in. strip 
chart. The strip chart was transported down 
a € stimulus aperture by the chart drive at 
the rate of 12 in/min. The continuous 
motion of the chart produced pacing of the 
Choice response. The successive sets of 
Stimuli were mounted 2.25 in. apart, verti- 
cally, and remained in full view for 10 sec. 

he S indicated her choice response by 
Pressing one of the three button switches; 
this illuminated the appropriate pilot light 
Ог 1 sec. through a relay holding circuit. The 
reinforcement lamps were programed man- 
ually for each set of stimuli. 

Stimuli—The stimuli consisted of three 
Values for each of five dimensions: geometric 

Огт (circle, square, triangle), background 
Soit (red, brown, green), number of forms 
Опе, two, three), size of the forms (large, 
medium, small), and brightness of the forms 

lack, gray, white). Of the 7776 (6%) possible 
Arrangements of successive sets of three 
Stimuli, 160 were randomly selected with the 
Ollowing limitations: (а) No arrangement of 
any dimension (e.g., black on the left, white 
în the middle, and gray on the right) repeated 
Оп two successive trials. (P) No runs (e^ 

lack ang large appearing together) were 
repeated for more than four successive trials. 
е geometric forms were punched into 

75 x 1,5 in. strips of Mystik plastic coated 
Ted, brown, or green cloth tape. Slips of 
olor-Vu black, No. 196 (gray), and white 
Paper were patched behind the cloth tape to 
Produce the brightness levels of the geometric 
Orms. The stimuli strips were then mounted 


on the chart in sets of three that contained 
each of the three values of all five dimensions. 

Procedurc.—Each S was individually seated 
before the apparatus, and told to put on a set 
of headphones. Nine minutes of taped in- 
structions were transmitted. The nature of 
the task was narrated in detail. The notion 
of concept attainment was described with 
emphasis on the discovery of a common 
characteristic. 

Preliminary training was coordinated with 
the taped instructions. The pretraining was 
conducted with stimuli consisting of six 
ге sets of three letters: Abe; c Ba; 
The S was informed that capital letter 

vas correct; she was instructed to push the 

button under the capital letter in the first 
stimulus set and to observe that the lamp 
marked correct was illuminated. Instruc- 
tions for the second set of stimuli were to push 
the button under something other than a 
capital letter and to observe that the wrong 
lamp was illuminated. The S, then, was 
instructed to practice on the remaining four 
sets of sample stimuli but she was to state the 
characteristic of the stimulus she was selecting 
before pushing the appropriate button. You 
are to respond, S was informed, by pressing 
only one of the buttons when the stimuli start 
to move out of your visual field. 

When the pretraining was completed, a set 
of the experimental stimuli was lowered into 
the aperture. Each dimension and the values 
for each dimension were described. The 5 was 
then directed to remove her headphones. 

Half of the Ss, the instructed section, 
received the following information, “When 
you are able to light the correct lamp con- 
sistently, I will inform you that the problem 
is being changed and that a different object 
is correct." The other half of the Ss, non- 
instructed, was not provided with this in- 
formation. 

All Ss were also divided as follows. The 
covert section was told, “There is one thing 
that was not mentioned: you are to say the 
characteristic of the object to yourself, not out 
loud." The instructions for the pretraining 
session to vocalize overtly the characteristic 
of the stimulus to which $ was responding, 
were not countermanded for the overt con- 
dition. 

Each S, at the outset, was randomly 
assigned to one of three shift groups: S, N, or 
О. Initial training was conducted until 5 
achieved a criterion of 10 successive correct 
responses. At that point, reinforcement was 
shifted to a different stimulus value and 
training continued until $ achieved a second 
criterion of 10 successive correct responses, 
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Group S was subdivided and trained with the 
following pairs of initial and shifted positive 
stimulus values: gray-white, gray-black, 
medium-small, medium-large. Group N was 
subdivided and trained with black-large, 
black-small, white-large, white-small, large- 
black, large-white, small-black, and small- 
white successively positive. Group O, like- 
wise, was subdivided and trained with black- 
white, white-black, small-large, large-small 
successively positive. In this fashion counter- 
balancing was achieved and all Ss were shifted 
either to black, white, large, or small. 

The Ss that did not achieve the criterion 
in 50 trials were told the correct stimulus 
value, allowed to perform the 10 criterion 
responses, and then shifted to the second 
stimulus value. A score of 50 was arbitrarily 
assigned to these Ss. 

At the termination of training, S was 
handed a rating sheet containing 49 word 
pairs, including the names of the relevant 
stimulus values. The S was instructed to sort 
the word pairs into categories of very similar, 
similar, neutral, and opposite. Before leaving, 
S was directed to sign an honor system pledge 
committing her to silence concerning the 
experiment. 


Results 


The dependent variable employed 
was the number of trials, excluding 
criterion trials, required to achieve 10 
Successive correct responses. Stimu- 
lus dimensions produced the only 
significant effect during the initial 
training, F(1,72) = 5.77, p <.05. Size 
was the more difficult dimension with 
a mean of 26.31, the mean for bright- 
ness was 17.17. The means for 
large, medium, and small were not 
significantly different nor were the 
means for black, gray, and white 

Duncan's range test, а = .05). The 
means for Groups S, N, and O were, 
respectively, 20.28, 24.71, and 20.22 
(F1 for shifts), Eighteen Ss 
(19% of the Sample) failed to reach 
the criterion in 50 trials and were 
treated in the manner described above 
before the shift was administered, 

Treatment means for the postshift 


phase of training are presented 
Table 1. 


in 


Five Ss (5% of the sample) 


TABLE 1 


MEAN TRIALS TO CRITERION FOR 
TREATMENTS DURING POSTSHIFT 
LEARNING 


Mean Trials to 


Treatment Criterion 
Similar 4.97 
Neutral 18.47 
Opposite 4.75 
Covert 7.56 
Overt 11.23 
Instructed 7.75 
Noninstructed 11.04 
Brightness 8.83 
Size 9.96 

were truncated at 50 trials. Trials 


to criterion for Ss in the neutral- 
noninstructed condition were counted 
from the first incorrect response 
following the shift. The analysis of 
variance for these data is presented in 
Table 2. Shifts produced the only 
significant treatment effect. A trend 
analysis (Grant, 1956) yielded a 
Significant quadratic component for 
shifts. Although the assumption of 
equal intervals cannot reasonably be 


TABLE 2 


ANALYSIS OF VARIANCE or TRIALS TO 
CRITERION FOR POSTSHIFT LEARNING 


Source of Variance df PF 
Shifts (S) 2 16.91 *** 
Linear 1 .01 

Quadratic 1 33.81*** 
Articulation (A) 1 2.76 
Instructions (1) 1 2.23 
Stimulus dimensions (D) 1 26 
SXA 2 42 
SXI 2 .20 
5хр 2 1.43 
AXI 1 28 
A xD 1 1.28 
D X Í 1 .20 
SXAXI 2 1.61 
SXAXD 2 .18 
SXIXxD 2 1.56 
AXIXD 1 1:37 
SXAXIxD 2 .29 
Residual (М5) 72 (116.86) 
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met by the techniques employed, the 
multipliers for the quadratic com- 
ponent are identical to those used in 
an orthogonal comparison between the 
mean for Group N and the means for 
Groups S and О. The trend analysis 
implies nothing more than an initial 
attempt to explore relationships be- 
tween the present data and the 
implications of previous research on 
Verbal similarity. 
‚ Word-pair rating data were con- 
Sistent with the experimental classi- 
fication of S, N, and O. The S 
Concepts  (medium-small, medium- 
large, gray-black, gray-white) were 
rated similar by 78 to 81% of the Ss 
and very similar by 1 to 6% of the Ss. 
The N concepts (small-black, small- 
White, large-black, large-white) were 
Tated neutral by 92 to 97% of the Ss. 
he O concepts (black-white, large- 
Small) were rated opposite by 96 and 
98% of the Ss, respectively. 


EXPERIMENT lI 

Positive transfer of training oc- 
Curred for all three types of shifts in 
Exp, I, 'The extensive instructions 
and pretraining may have failed to 
Produce an asymptotic level of ac- 
quisition for task training factors such 
as learning sets. Negative transfer 
Ог one or more types of shift, thus, 
May have been obscured. Perhaps, 
the only way to eliminate task learn- 
ing factors is to have S practice on the 
actual experimental task. This may 
е accomplished in the present inves- 
tigation by administering all three 
tYpes of shifts to each 5 in a counter- 
alanced order. Considerable meth- 
Sdological difficulty is involved with 
Such à procedure: ‘techniques are not 
Available for a comprehensive sta- 
tistical evaluation of the data. An 
"dependent statistical analysis, how- 
€ver, can be performed on each of 
the three successive shifts and some 


understanding of differential transfer 
effects may be achieved. 


Method 


Subjects —Eighty of the Ss used in E 
were subdivided into five orders of shift 
sequences: 5, О, N; S, NO; N, O; S;O, N, S; 
and O, S, N. The sixth shift sequence, 
N, S, О, required 16 additional Ss who were 
run concurrently with the Ss of the first 
experiment. Thus, 96 Ss were used and the 
first of the three shifts in Exp. 11 employs the 
data of 80 5з of p. l. Shifts were ad- 
ministered as soon as previous learning was 
completed. The Ss employed solely in Exp. 11 
were run simultaneously with the Ss serving 
in both experiments. 

Procedure.—Since Exp. lI is partially a 
continuation of the first experiment, the 
apparatus, stimuli, pretraining, and instruc- 
tions are identical. The innovation involved 
administering two additional ifts to the 
appropriate .5: 

Type S shifts occurring in the N, O, S and 
O, S, N sequences and Type N in the N, S, O 
and О, N, S sequences required counter- 
balancing of the gray and medium stimulus 
values. All remaining shifts involved a 
counterbalanced switch in reinforcement be- 
tween the black and white, or large and small 
stimulus values. Complete counterbalancing 
of the size and brightness dimensions was 
thus achieved. The two types of shift in- 
struction and the overt and covert conditions 
of articulation were maintained throughout 
the four phases of training: initial learning 
and Shifts 1, 2, and 3. 


р. I 


Results 


The response measure used was 
differences in trials to criterion for all 
contiguous pairs of training phases. 
That is, each S’s score on Shift 1 was 
subtracted from her initial learning 
score, her score on Shift 2 was sub- 
tracted from the number of trials to 
criterion on Shift 1, and trials on 
Shift 3 were subtracted from Shift 2. 
This permitted direct comparisons of 
transfer scores. Figure 1 is a plot of 
mean difference or transfer scores as 
a joint function of type and order of 
shifts. The summarized analyses of 
variance are presented in Table 3, 
Differences among the mean transfer 
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Fic. 1. Mean transfer scores (difference 


scores in successive trials to criterion) as a 
function of mediated response "similarity" 
with order of shifts as the parameter. (Trans- 
fer in concept attainment is shown after the 
preceding acquisition of concepts that were 
similar [S], neutral [N], or opposite [О]. 
Identical [I] represents the origin of the 
"similarity" classification.) 


Scores for types of shifts failed to 
achieve statistical significance on 
Shift 1; all transfer Scores, however, 
were positive. Transfer scores for the 
three types of shift are statistically 
significant on Shifts 2 and 3, as are 
the quadratic components. Transfer is 


TABLE 3 


ANALYSIS OF VARIANCE ОЕ TRANSFER 
Scores ron SHIFTS 1, 2, AND 3 


Ок Exp. II 
i Shift 1| Shift 2 Shift 3 
Source of Variance df F F T 
Shifts (S) 2| 1.98 | 14,76% 

Linear 1 .00 .05 4 
Quadratic 1 3.95 29.46*** 7 
Articulation o 1| “68 195 48 

nstructions 1 4 E 
D pimen- il 3 Ene 
sions 1 14 .00 -0: 
SXA АД 232 -50 108 
S XI 2 05 7.60% -87 
SXD 2) $304 241 48 
AXI 1| 207 1.86 23 
AXD 1 .05 02 1.34 
DXI 1| 1.43 95 2.36 
SXAXI 2 20 `85 1.15 
SXAXD 2 E 1.13 3.42* 
SXIXD 2| 139 14 2.67 
AXIXD 1 89 2.86 2.09 
SXAXIXD 2 41 4.03* 06 
Residual (М5) 72 (374.65) (281.11) |(246:08) 

b < .05 
Жс 0 
жнр < 001 


negative for Group N on Shifts 2 and 
3. Although statistical comparison 
of Shifts 1, 2, and 3 are precluded by 
their lack of independence, inspection 
of Fig. 1 reveals a considerable 
negative displacement between the 
first and subsequent shifts. Results 
for the initial learning are essentially 
the same as those reported in Exp. 1; 
absolute scores for the first shift are 
almost identical to the data reported 
in Tables 1 and 2. 

Statistically significant interactions 
were obtained in each of the shifts; 
two of the interactions are plotted in 
Fig. 2. 

Absence of statistical significance 
for S, N, O in Shift 1 is an artifact. 
Size concepts required significantly 
more trials for initial learning than 
brightness concepts (cf. results of 
Exp. I). The differences in difficulty 
level between the two relevant dimen- 
sions are subject to habituation and 
disappear after initial learning; a 
Shifts X Dimensions interaction is the 
result (Fig. 2, Shift 1). The basis for 
this interaction is documented in 
Table 4. Relevant dimensions are 
switched only in a Type N shift. 
Notice that the number of trials to 
criterion is higher for the more difficult 
size dimension during initial learning. 
This changes after the initial learning 
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е К Shifts X Stimulus Dimensions 
interaction. for Shift | (left), and Shifts 
X Instructions interaction for Shift 2 (right). 


CONCEPT SHIFTS AND VERBAL BEHAVIOR 27 


TABLE 4 


EXPLANATION oF THE SHIFT X STIMULUS 
DIMENSIONS INTERACTION: SCORES 
FOR THE NEUTRAL SHIFT (N) 


Source Stimulus Value | Mean Ero 
- zs 
Initial Size (81) 29.50) = 
Trials to 
criterion | Brightness (Bi)! 19.51 
Shift 13 Size (83) 19.19 
Trials to 
Criterion Brightness (В)! 16.00, 
E Size 
Transfer Scores 
Brightness 


and the difficulty level of the two 
relevant dimensions are roughly equal 
Оп the first shift (habituation effects). 
n addition, both dimensions are 
easier on the first shift following 
initial learning (task learning sets). 
Mus, subtracting the trials to cri- 
‘tion scores on Shift 1 from those for 
Initial learning produces difference or 
transfer scores that are higher for 
Tightness than for size in Cond. N 
о Shift 1 (compare Fig. 2, Shift 1 
With Table 4). Тһе result is а 
SPurious interaction in Shift 1 that 
©апсе]з the main effects for shifts. 


DISCUSSION 


‚ Concept shifts, such as the three types 
i vestigated, may be defined at several 
vels of discourse. Antecedent opera- 
tions consist of switching the reinforce- 
ment from one to another stimulus value. 
The rate of change in S's consequent 
choice behavior is recorded. A first- 
Order mediational approach would as- 
Sume that 5 covertly emits an appro- 
Priate verbal response in the presence of 
3 given stimulus value. In actual fact, 
Vérbal mediation of the first order was 
poMething more than an assumption in 
0th experiments. The Ss were pre- 
‘rained to emit verbal responses and half 


did so overtly throughout the study. A 
second-order mediational approach ap- 
peals to response classes and hierarchies, 
usually verbal. One mediational para- 
digm (Kendler & Kendler, 1962) implies 
that any intradimensional shift (e.g., 
S or O) should involve the same second- 
order mediator. If the postshift concepts 
are of equal difficulty or counterbalanced 
and the second-order mediator is the 
same, then the rates of postshift learning 
should be the same. Both absolute 
learning and transfer rates were virtually 
identical for concepts rated S and those 
rated O. Obtained transfer effects as a 
function of mediated response similarity, 
however, suggest two opposed explana- 
tory hypotheses: direct word association 
and verbal associative commonality. 
Haagen (1949) reported high correlations 
between ratings of synonymity and rat- 
ings of associative connection. Cofer 
(1957) demonstrated increasing associa- 
tive commonality (ie. the number of 
common associations to each word in 
word pairs) with ratings of increased 
similarity. Present similarity ratings, 
therefore, imply a high associative con- 
nection between the S mediators. The O 
and S mediators may be functionally 
equivalent since antonyms are usually 
primary associates (Russell & Jenkins, 
1954). The direct association hypothesis 
states that prepotent S-R connections 
produce the transfer effects in concept 
shifts. After learning a "black" concept, 
for example, the high probability of im- 
plicit emission of the word “white” is 
suggested by word association tests, 
This highly parsimonious hypothesis 
may account for a variety of data while 
assuming no more than first-order media- 
tion. The relationship between age and 
reversal shift responding (Kendler & 
Kendler, 1962) may, in part, be due to 
characteristic age differences in word 
association. Children give considerably 
fewer opposite associations than do 
adults (Woodworth & Schlosberg, 1954), 
Transfer data for the S shifts indicate an 
apparent difficulty for this hypothesis: 
the frequency of gray as a response to 
white and black is, respectively, 1/1008 
and 0/1008 in the Minnesota Norms 
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(Russell & Jenkins, 1954). Contextual 
restraints on word associations produced 
by the experimental arrangements may 
markedly alter association norms. If 
this cannot be demonstrated, then 
the associative commonality hypothesis 
would seem to offer a superior altern 
for the present data, The associative 
commonality hypothesis states that 
transfer between concepts will covary 
with the degree to which mutual or 
common word associations occur to the 
two concept names. According to this 
hypothesis, the equal transfer obtained 
for S and O shifts results from equality 
in the number of mutual associates for 
concept names such as black and gray 
(S) and black and white (О). The 
present study does not permit a decision 
between the two hypotheses. The rating 
data, however, Suggest general bidirec- 
tional relationships in Similarity ratings 
and hence in associations. The frequent 
unidirectional relationships observed in 
Word association tests may be a serious 
limitation of the direct association hy- 
pothesis. 

The two hypotheses outlined may be 
equally germane to stu 
similarity and transfer or retroaction 
in verbal learning. Comparison of the 
present data to transfer studies em- 
ploying verbal paired associates would be 
less difficult with à paired-associate 
concept learning design (Goss, 1961). 
This design would have added unneces- 
Sary complications to the concept attain- 
ment process, An analysis in terms of 
verbal learning data, nevertheless, may 
be instructive, The significant quadratic 
effect initially appears consistent with 
the findings of Bugelski and Cadwallader 
(1956); Osgood's (1946) study implies 
a linear trend, That is, the superior 
transfer in O shifts as compared with N 
agrees with the Bugelski and Cadwal- 
lader data but is inconsistent with 
Osgood's results. Category O in Os- 
good’s study consisted of "opposed" 
words rather than antonyms, and very 
likely involved a low level of direct or 
common association. Bugelski and Cad- 
wallader employed Osgood's opposed 
list but Underwood (1961) reports a 


ative 


idies of response 


methodological difficulty in their ex- 
periment. Accelerated learning in the 
present study for S shifts as compared 
with N is consistent with the general 
finding that transfer and retroactive 
facilitation increases with response simi- 
larity (Gladis & Braun, 1958; Osgood, 
1946; Young, 1955). . 

Instructions concerning a shift in 
reinforcement produced no significant 
main effects and one highly significant 
interaction (Table 4, Shift 2). The in- 
structed group immediately extinguishes 
(1.е., abandons) the incorrect response 
when they are informed of a shift. The 
near zero transfer effects obtained for the 
instructed group (Fig. 2, Shift 2) suggest 
that simple concept transfer may consist 
largely of the extinction of the old 
response. Repeated interactions of shifts 
and instructions would support this view; 
the reasons for the absence of a shifts and 
instructions interaction in Shift 3 are 
obscure. 

Although the proposed relationships 
between sequential concept learning and 
verbal behavior cannot be viewed as 
definitive, the results are sufficiently 
encouraging to warrant additional effort. 
In essence, the axiom that generated the 
research reduces to this: if it is assumed 
that a mediator is verbal, then the laws 
governing mediation should approximate 


the empirical relationships of verbal 
behavior. 
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This study was concerned with the effects of hypnosis on the memoriza- 


tion of nonsense syllables. 
and 16 relatively unsusceptible, 
sense syllables on 
and unhypnotized conditions. 

facilitates the performance of 
impairs the performance of the 
thus seen as having 


32 undergraduates, 16 relatively susceptible 
were individually presented 10 non- 
a memory drum under counterbalanced hypnotized 
Findings demonstrated that hypnosis 
the relatively unsusceptible S. 
very susceptible ones. 
potentially variable effects which interact witl 


ind 


Hypnosis wa 


5 
1 


susceptibility and with the specific experimental measure which is used. 


Both “common sense" and the bulk 
of the literature on hypnosis assume 
that hypnotic induction procedures 
affect very "susceptible" people alone. 
There is, therefore, a substantial 
literature dealing with who can and 
who cannot be hypnotized. Never- 
theless, experimental evidence to the 
effect that hypnosis also influences the 
behavior of unsusceptible Ss has been 
available for more than a generation. 

In studying the effects of hypnosis 
on the memorization of meaningless 
materials, Young (1925) discovered 
that control Ss who, though relatively 
unsusceptible to hypnosis, were sub- 
Jected to the induction procedure, 
performed distinctly better as a group 


than did susceptible Ss in the hypnotic 
condition. 


1The study was Supported in part by a 
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the conduct of the study and analysis of data. 
Gerald S. Blum and Francis W, Irwin 
made many helpful criticisms of theory and 
manuscript. 
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This interesting finding has been 
generally neglected, perhaps because 
it appears to contradict conventional 
beliefs about hypnosis. Young, him- 
self, in reporting his experiment, 
dismisses the effects of his induction 
procedure on controls as "pseudo- 
hypnosis," and Weitzenhoffer (1953), 
reviewing the literature, proposes 
without explanation that these effects 
"probably have nothing to do with 
hypnosis" (p. 171). 

Such a dismissal is justified if one 
views hypnosis as a mystical or meta- 
physical state which is discretely 
available to some people but not to 
others. If, however, one takes the 
position that hypnosis can only be 
defined in terms of specific responses 
to criterion procedures which we agree 
to call hypnosis, then Young's study 
(which employed only 3 control Ss) 
requires replication. 

Other studies of the effects of 
hypnosis on learning, in addition to 
disregarding Young's early work, have 
had several limitations (Eysenck, 
1941; Sears, 1955; White, Fox, & 
Harris, 1940). As London and Fuhrer 
(1961) note, the degree of Ss’ hypnotic 
susceptibility was not determined in 
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Most studies. Also, Ss often were not 
examined in both hypnotic and wak- 
ing states for control purposes. Fi- 
nally, since experimental Ss were 
exposed to the hypnotic procedure 
while control Ss were not, one cannot 
be certain that different group per- 
lormances were due to the eflects 
of the hypnotic manipulation rather 
than to the fact that one group got 
the. Subtle equivalent of a pep talk 
While the other did not. London and 
"uhrer report an experimental design 
Which permits the study of the inter- 
ction of hypnosis and susceptibility 
While avoiding some of the afore- 
Mentioned pitfalls. 

The present study applied this 
design to the study of the effects of 
\Урпозїз on rote learning, replicating 

9ung's experiment thereby. 


SE. METHOD 
Subjects 


Lo Ss were 32 male undergraduates, 
old Y freshmen and sophomores 17-20 yr. 
teer Who were selected from among 68 volun- 
5 In an introductory psychology course. 
Publi jvolunteers were administered an un- 
set. ned test known as the Group Hypnotic 
eptibility Scale (GHSS). The items and 
cedures of this scale are derived from 
iss А and B of the Stanford Hypnotic 
кага P tibility Scale (Weitzenhoffer & Hil- 
alter: 1959), with appropriate conservative 
“rations which permit its use with groups 
Чр to 5 Ss. Both the GHSS and the Stan- 
Scale are standardized hypnotic induction 
$. These procedures include the 
rtations to relax and 12 tasks 
as postural sway, arm rigidity, halluci- 
amnesia, etc.) which the S is asked to 
mM. Degree of susceptibility to hypnosis 
Perforated by the number of items 
exp WO categories of Ss were selected for the 
Т *riment by means of the scale: Tranceable 
? e, highly susceptible to hypnosis, and 
cep аПсеаЫе (UT), ie, relatively unsus- 
i Kible to hypnosis. In order for 5 to qualify 
` category, it was necessary for him to 
елар more of the 12 items on the scale, 
it ing at least one of the four most difficult 


еп М ens 
"9 (arm immobilization; verbal inhibition, 


Fo, 


Nation 
Derfor, 


eye catalepsy, amnesia). Го qualify in the 
UT category, S had to fail 8 or more of the 12 
items, including all of the most difficult ones. 
Sixteen T Ss and 16 UT Ss selected by these 
means actually completed the experiment. 


Apparatus 


Two lists of 10 consonant-vowel-consonant 
nonsense syllables of 53% association value 
(Glaze, 1928) were presented to Ss on a 
Gerbrands memory drum, one list for each 
condition. Each trigram on the list was 
exposed to view for 1 sec., with 2 sec. between 
exposures. Each list was presented three 
times, with a 5-ѕес. interval between pres- 
entations. 


Procedure 


Screening session—After the administra- 
tion of the GHSS, Ss who failed to meet 
criteria were discharged. All Ss were asked 
not to discuss the procedures with anyone 


- until the experiment was complete. 


Those Ss whose GHSS performance placed 
them in either the T or UT category were 
rehypnotized. The instructions which E read 
for this second induction were taken essen- 
tially from Form B of the Stanford scale. 
Among the remarks contained in this pro- 
cedure were statements to the effect (a) that 
for the purpose of this experiment, the Ss 
were good hypnotic subjects, (b) that they 
would be hypnotized again in later sessions, 
and (c) that hypnosis would, in the future, be 
induced by a simple signal rather than a long 
and involved procedure. The verbal signal 
then described was used verbatim for the later 
induction of hypnosis during the experiment. 
After arousing the Ss, E arranged individual 
sessions for each S. These took place from 
2 to 8 days after the screening session. 

Experimental session.—The second session 
constituted the experiment proper. It con- 
sisted of three parts: (а) Base rate learning 
of nonsense syllables, (b) hypnotic learning of 
nonsense syllables, and (c) administration of 
the Stanford scale, Form B. Conditions a 
and b and Syllable Lists a and b were counter- 
balanced. In every case, S took several 
physical performance tests prior to the learn- 
ing task. In the sequence of experimental 
conditions, the presentation of learning tasks 
occurred 15 min. apart. Because Ss served 
as their own controls in this counterbalanced 
experiment, and in order to hold nearly 
constant the amounts of time Ss spent in 
hypnosis, the fixed number of presentations 
method was preferred to learning to criterion, 
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The Ss were told that they would see the 
entire list three times, after which they would 
be asked to spell as many of the syllables as 
they could remember. No further comments 
were made to Ss; specifically, suggestions to 
the effect that hypnosis would facilitate their 
learning were avoided, in order to gain 
information about the effects of hypnosis 
per se upon memorization. 

Upon completion of the experimental tasks, 
Form B of the Stanford Hypnotic Suscepti- 
bility Scale (SHSS) was administered to see 
if S's susceptibility score had shifted during 
the course of the experiment. Subsequently, 
S was told that the experiment was concluded, 


asked to report his subjective reactions, and 
then discharged. 


RESULTS 


The S was assigned a memorization 
score for each experimental condition 
which consisted of the total number of 
trigrams which he spelled correctly 
after three presentations of the entire 
list. Mean scores of the two groups 
for the different conditions are pre- 
sented in Table 1. 

The data were subjected to analysis 
of variance (Lindquist, 1953, p. 269). 
While the T-UT dimension was not 
significant, the Hypnotized-Unhyp- 
notized conditions differed consider- 
ably from each other (b « .01). 
There was, moreover, a marked inter- 
action between dimensions (p < .001) 
such that the performance of T Ss 
declined during hypnosis while that 
of UT Ss improved during hypnosis 
(Table 2). ‘Tests of simple effects 
showed that the UT group remem- 
bered significantly more syllables 


TABLE 1 


MEANS AND SDs ron MEMORIZATION OF 
NONSENSE SYLLABLES 


Т 


Group T Group UT 
Condition 
Mean SD Mean SD 
Base Rate 7.38 | 1.82 | 5.62 | 1.20 
Hypnotized | 6.88 | 1.54 | 750 | 155 


TABLE. 2 


ANALYSIS OF VARIANCE FOR NONSENSE 
SYLLABLES MEMORY SCORES 


Source df F 


Between- Ss 


(31) 


Tranceable vs. untrance- 
able (T) 1 1.01 


Error (between-Ss M.S) 30 (4.05) 
Within-Ss (32) 
Hypnotized vs. unhypno- 
tized (H) 1 10.36** 
HT 1 30.92 
Error (within-Ss MS) 30 (0.73) 
BED «c 01, 
*** < 1001. 
when hypnotized than when not 


hypnotized (p < .05), but the decline 
in performance of the T group from 
the Unhypnotized to Hypnotized 
conditions was not significant at the 
-05 level. Further inspection of the 
data revealed that for UT Ss, hypnotic 
memorization of nonsense syllables 
was always equal or superior to base 
rate performance; there were no 
decrements. For T Ss, hypnotic 
increments were found in only three 
cases, while decrements during the 
hypnotic condition occurred in eight 
cases. 

Scores on Form B of the Stanford 
scale ranged from 1 to 7 (тап. = 3.50) 
for UT Ss, and from 6 to 12 (mdn. 
— 9.25) for T. In no instance did an 
S designated UT on the GHSS be- 
come T on the Stanford Scale, or vice 
Versa. Since the score differences be- 
tween the tests are in the same 
direction and of about the same 
magnitude as differences between 
administrations of Forms A and B of 
the Stanford scale itself (London & 
Fuhrer, 1961) under similar circum- 
stances, it seems reasonable to infer 
that screening data obtained with the 
GHSS is roughly equivalent to that 
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obtained with Form A of the Stanford 
Scale. 


DISCUSSION 


The results of this study are manifestly 
surprising. They suggest, first of all, 
that there are some initial differences in 
the learning ability of the very suscep- 
tible and the relatively unsusceptible. 
But more important, they demonstrate 
that hypnosis facilitates the performance 
of the relatively unsusceptible Ss, and 
impairs the performance of the very 
Susceptible ones. 

The finding of initial differences in 
learning ability between T and UT Ss is 
reminiscent of previous studies in which 

ase rate differences on physical perform- 
ance tasks were reported (London & 

uhrer, 1961; Rosenhan & London, 

63). In these studies, however, differ- 
ences consistently favored UTs, and led 
to the hypothesis of possible subtle per- 
Sonality differences between T and UT 

$ an hypothesis which is reaffirmed 
— The matter is, however, by no 
‘Cans clear; the fact that base rate 
erences in this study favor Ts suggests 
Jat the effects of hypnosis are not only 
? Specific, but also task specific. 

That hypnosis should facilitate the 
“arning of UTs and relatively impair 

Пе performance of Ts is difficult to 
*"Xplain. One possible hypothesis is that 
there is an interaction between the 
Characteristic relaxation which people 
CXDerience when hypnosis is induced, 
Some hypothetical optimum level of 
tension which is required to memorize 
Cllectively, and a possible personality 
ifference between T and UT Ss. If so, 
pac might argue as follows: UT Ss are, to 
egin with, too tense to learn very well, 
ut T Ss are only optimally tense and 
therefore give their best performances. 
et hypnosis is induced, however, T Ss 
“ax to the point where they become 
inattentive, while UT Ss relax to the 
Point where they become more ap- 
Propriately attentive. If anxiety or drive 
inclitates performance up to a certain 
„tensity and impairs it beyond that 


i з Н 
bilensity, the argument has some plausi- 
Шу, 


But this interpretation is clearly 
speculative, and the importance of these 
results does not lie in the temptation 
they offer for intellectual virtuosity, but 
in their implications for research on 
hypnotic phenomena. It is now clear 
that the assumption that an untranceable 
S is not affected by the hypnotic induc- 
tion is no longer tenable. The estimate 
of susceptibility which emerges from a 
scale of hypnosis (such as the GHSS or 
SHSS) is one of limited parameter; it 
does not necessarily predict S's perform- 
ance on nonscale tasks. 

One implication of these findings is 
that the conclusion of London and 
Fuhrer (1961) that “the effects of 
hypnosis cannot be very effectively 
studied as a quantum independent of the 
relative susceptibility of Ss” now appears 
much too limited. The data presented 
here indicate that hypnosis is a situation 
with potentially variable effects which 
interact per susceptibility status per 
measuring instrument. Thus, it is not 
surprising that different experiments in 
the same area produce conflicting results 
both since previous research has not 
commonly concerned itself with the sus- 
ceptibility dimension and since general- 
izations about the effects of hypnosis 
have been offered without much con- 
sideration of the limitations of different 
measuring instruments. This argument 
suggests that it is improper to define 
hypnosis for experimental purposes or to 
generalize about its effects without con- 
sideration of the susceptibility of the Ss 
and the limited scope of the experimental 
tasks. 
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The effects of varying the reinforcing properties of the paired UCS on 


differe 
The high reinforcement (HR 
paired with a strong UCS 


ntial conditioning under equated drive level (D) was studied. 
) group had the positive CS (500-cps tone) 
(2.0 psi) at an optimal CS-UCS interval 


(500 msec.) while the negative CS (5000-cps tone) was paired with a 


weak UCS (.33 psi) at interval of 2550 msec. 
reversed for low reinforcement group (LR). 
an LR group both for positive and negative CS. 
iminanda was greater [or HR group. Since 


significantly higher th 
Differentiation of the discri 


drive levels of 2 groups were equated the resul 
indicating greater amount of habit strength 


of HR. 


À number of recent studies have 
*en concerned with the question of 
Whether in classical aversive condi- 
Honing the associative or habit factor 
th ) isa function of the intensity of 

* reinforcing UCS (Spence, 1953; 
gem Haggard, & Ross, 1958; 
Tapold & Spence, 1960). Employing 
E experimental design that used two 
diua of the UCS for groups of Ss, 
xh € group (high reinforcement) hada 
trong UCS paired on conditioning 
lie., H producing) trials with the GS; 
While on the other half of the trials 
Donconditioning a weak UCS was 
Presented alone, or as in one experi- 
deut. the weak UCS was paired with 
he CS at а CS-UCS interval (2.5 sec.) 
Nown not to produce eyelid condi- 
loning in humans. In the case of the 
OW-reinforcement group these condi- 
‘ons were reversed, i.e., the CS was 
Paired on conditioning trials with the 
Weak UCS, while on nonconditioning 


a - This research was carried out as а part of 
fon eet concerned with the influence of 
“vation on performance in learning under 
Ontract N9 onr-93802, Project NR-154-107 
“tween the State University of Iowa and the 
is o8 of Naval Research. Acknowledgment 
тцы to Paul Butler and Edward Martin, 
ran some of the Ss. 
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These conditions were 
HR group performed 


ts may be interpreted as 
for both stimuli in case 


trials the strong UCS was used. 
Since the drive levels (D) of the high- 
and low-reinforcement groups were 
equated, the significantly higher per- 
formance level of the high-reinforce- 
ment group in each experiment may 
be interpreted as reflecting the devel- 
opment of a greater amount of the 
learning factor (H) in the high-rein- 
forcement condition than in the low- 
reinforcement condition. This evi- 
dence of the development of differ- 
ential H was taken as supporting a 
reinforcement type theory that habit 
strength (H) in such classical aversive 
conditioning is a function of the UCS. 

In the present study this theoretical 
interpretation was tested further by 
applying the experimental procedure 
of equating drive level, while at the 
same time varying the reinforcing 
property of the UCS, to the differ- 
ential conditioning situation. Thus, 
in the case of the high-reinforcement 
group the positive CS was always 
paired at an optimal CS-UCS interval 
with a strong UCS, while the negative 
CS was followed at a long, noncondi- 
tioning interval with a weak UCS, 
For the low-reinforcement group the 
two different UCSs were reversed, 
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Under these conditions our theory 
would lead to the expectation that the 
high-reinforcement group would give 
a higher percentage of CRs to the 
positive CS than would the low- 
reinforcement group. The implica- 
tions of the theory for the negative 
CS and for the degree of differentiation 
are more complicated and will be 
treated in the later discussion section. 


METHOD 


Subjects—Eighty women from an intro- 
ductory course in psychology served as Ss. 
An additional 14 Ss were discarded for various 
reasons. Five were eliminated for giving CRs 
On pretest presentations of the tones, 2 for 
failure to give a single CR to the positive 
stimulus during conditioning, and 7 were 
voluntary responders (Spence & Ross, 1959). 

A pparatus.—The equipment for recording 
eyelid closure and presenting the UCS was the 
Same as that used in previous studies from 
this laboratory (cf. Spence & Taylor, 1951). 
The CS was a tone from a loudspeaker driven 
by one of two Hewlitt-Packard oscillators, as 
selected by E. A 500-cycle tone served as the 
positive CS (S*) and a 5000-cycle tone as the 
negative CS (S-). In the area of S's head, 
both tones had a sound pressure level of 70 db. 
аз measured by a General Radio sound level 
meter, Type 759-B. "Tone durations were 550 
msec. for S+ and 2550 msec. for S^. The air 
puffs were of 50-msec. duration and occurred 
during the last 50 msec. of either CS interval, 
terminating with the CS. The longer CS- 
UCS interval has been shown to produce little 
or no conditioning (McAllister, 1953a, 1953b) 
and, when employed in the differential condi- 
tioning situation with S^, to lead to differ- 
ential level of response just as omission of the 


UCS does (Runquist, Spence, & Stubbs, 
1958). 


Two UCS int 
psi and a weak pi 
conditioning of 
lowed by 
other. 


ensities, a strong puff of 2 
uff of .33 psi, were used in the 
each S, with S* always fol- 
one puff strength and S- by the 


А response deflecting the recording pen 1 
mm. or more during the interya] 150 to 500 
msec. following the onset of either S* or S- 
was scored as a CR. Responses with a 
latency less than 150 msec. were scored as 
original responses to the tone and were not 
included in the data. 

Procedure.—On each trial, а verbal ready 
Signal was given 2-4 sec. before onset of the 


CS. All Ss were instructed to blink once upon 
presentation of the ready signal and then to 
fixate the disc until the tone terminated. 
Five pretest trials, consisting of the presenta- 
tion of S+, S+, S~, S- and the UCS alone, were 
given. Groups receiving two puff strengths 
had the strong UCS alone. Immediately 
following pretest, the conditioning period was 
begun. Both S+ and S~ were presented five 
times within each block of 10 trials, according 
toa prearranged schedule, with the restriction 
that no more than 3 S* nor more than 2 5 
trials occurred in succession.  Intertrial 
intervals were either 15, 20, or 25 sec., by 
fixed schedule, with an average of 20 sec. 

Experimental design.—Each S was assigned 
to one of two groups in order of appearance in 
the laboratory. For the Ss of Group S (strong 
reinforcement) S* was always followed by the 
strong puff and S- by the weak puff. This 
combination was reversed for Group W (weak 
reinforcement) with S* followed by the weak 
puff and S- by the strong puff. 


RESULTS AND DISCUSSION 


Performance to the positive CS.— 
Acquisition curves of conditioning to 
both positive and negative stimuli are 
presented in Fig. 1 in terms of the 


5+ (6.5) 
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Mean percentage of CRs in blocks 
of 10 trials to each stimulus. 
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Percentage of CRs in each block of 20 
trials, 10 of which were S* trials and 
10 S- trials. Аз is evident, the 
Performance of Group S was higher 
than that of Group W on both S* and 
S trials. Evaluation of the perform- 
ance levels to S* over all trials by the 
Mann-Whitney U test indicated that 
the difference between the two groups 
Was significant at the .01 level for a 
One-tailed test. Over the last 20 
trials the difference by the same test 
Was found to be significant at the .001 
level. This finding confirms the 
Prediction made from the reinforce- 
ment type theory described in the 
introduction. According to this inter- 
Pretation the higher performance of 
Toup S implies that a higher level of 
T is developed to the positive S in 
this group than in Group W as the 
Tive levels of the two groups were 
equalized. 
. Performance to the negative CS.— 
п the basis of what is known about 
Seneralization of conditioning it may 
* inferred that the strength of the 
Seneralized habit strength (7) to S7 
Would be greater for Group S than 
9r Group W. The implication of 
this, neglecting all other factors, 18 
that Group S should also exhibit a 
'gher level of performance to the 
Negative CS than Group W. As 
Fig. 1 shows, this expectation was 
Confirmed, Although the difference 1s 
Somewhat less than in the case of the 
Positive CS, it is significant at the .04 
“vel (Mann-Whitney U test, two- 
tailed) for all 60 trials and also for the 
0 trials. . 
evertheless, a complicating factor 
Must be considered in the case of the 
Negative CS, namely the magnitude 
9f the decremental, inhibitory factor 
( resulting from nonreinforcement 
lit this CS, Unfortunately, we have 
m knowledge concerning the vari- 
les that determine J in classical 


aversive conditioning. If J is a 
positive function of E, the effective 
excitatory strength (E) of the response 
to the negative CS would be weakened 
more in the case of Group S than 
Group W. Such an effect, it should 
be noted, would account for the 
obtained finding that the difference in 
performance between Groups S and 
W was less in the case of the negative 
CS than for the positive CS. 
Differentiation of response strength 
to S+ and S-.—According to our 
theory, the degree of differentiation 
as reflected by the difference in the 
response strengths to the positive and 
negative stimuli is directly related to 
the difference between their excitatory 
potentials. The latter may be shown 
to be as follows for Groups S and W: 


Её – Ёг 
= D(H, – Й.) + I,(Group S) 


Eet — ES 
= D(He — Hw) + Iw(Group W) 


As may be seen, since the value of 
D is the same for both groups, the 
degree of differentiation will depend, 
theoretically, on the magnitude of the 
differences in the values of J, and 7, 
and the values in the parentheses. 
The latter represent the decrements in 
habit strengths due to generalization. 
The finding of this experiment 
that differentiation was significantly 
greater in Group S than Group W 
(at the .03 level by the Mann-Whitney 
U test, two-tailed) implies that either 
one or both of these factors are larger 
in the case of Group S than Group W. 
The present data do not permit any 
inference as to which of these two 
factors might be responsible for the 
difference in differentiation or whether 
both are involved. 


It is interesting to note that if a 
strong, 2-psi puff had been used for 
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both discriminanda in one group and a 
weak, .33-psi puff for both stimuli in the 
other, the equations for E+ — E- would 
differ from those given above in that the 
values of D in the two equations would 
differ, i.e., D, > Dy. It follows from 
these two sets of equations that the 
difference in degree of differentiation 
E, — E. — (E+ — E,-) should be 
greater for groups run under this condi- 
tion than for groups run under the 
conditions of the present experiment. 
Some evidence against this implication 
of the theory is provided by a comparison 
of the results of the present study with 
those obtained in an earlier investigation 
of differential conditioning (Runquist 
et al, 1958). In the latter study a 
2-psi puff was used for both S* and S- 
in one group (S) and a .33-psi puff for 
both stimuli in the other group (W). 
Otherwise, the conditions of the two 
studies were as similar as they could be 
made. The degree of differentiation in 
terms of the difference in the mean 
percentage of responses made in the last 
20 trials to the positive and negative 
stimuli (S* — S-) is shown in Table 1. 
As is apparent, the implications of the 
theoretical equations are only partially 
supported. While, as the theory de- 
mands, the degree of differentiation was 
greater for the S groups than the W 
groups in both experiments, the im- 


TABLE 1 


Comparison or RESULTS OF PRESENT STUDY 
WITH THOSE ОЕ RUNQUIST, SPENCE, 
AND STUBBS (1958) 


Degree of Differentiation 
oe 


(95+ — %5-) 
E 
Groups Study" Study 
5 23.1 25.6 
d Ww 12.1 21.6 
Difference (S—W) 11.0 4.0 


plication that difference between the 
differentiations would be greater for the 
1958 study than for the 1960 study was 
not confirmed. | 
The major discrepancy in the data is 
the relatively high differentiation shown 
by Group W of the 1958 study. The 
level of conditioning of this group to the 
positive CS was much higher than that 
usually obtained with this level of puff 
intensity. If one uses only the middle 
5095 of the Ss in all four groups, the 
differences between the differentiation 
were more in line with the theory. The 
differences in this case were 13.8 for the 
1958 study and 9.2 for the present onc. 
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INFORMATION PROCESSING UNDER CONTRADICTORY 
INSTRUCTIONAL SETS! 


WILLIAM C. HOWELL лхо DAVID L. KREIDLER 


Ohio State University 


Key pressing in response to spatially coded visual signals was studied 
as a function of 4 sets of instructions: (a) speed-accuracy, (b) speed, 


(c) accuracy, and (d) transmission rate (H;/sec). 


Contradictory 


(speed-accuracy) and noncontradictory (H;/sec) instructions resulted 
in comparable acquisition and performance functions on all 3 measures 
taken: speed, accuracy, H;/sec. Behavior under conflicting instructions 
corresponded more closely to that for accuracy than to that for speed; 
S appeared to select a high accuracy criterion and to adjust speed to the 
maximum level permitted by it. Speed instructions caused S to lower 
his accuracy criterion appreciably, but with little compensation in in- 


creased speed. 


Edwards (1961) has pointed out 
that instructions used in many psy- 
chological experiments are ambiguous 
or internally contradictory. Fre- 
quently, S is instructed to maximize 
0 ог more quantities each of which 
Tequires a different, and generally 
‘compatible, way of responding. 
tier ticularly susceptible to this cri- 
г are investigations of human 

Ormation-processing capabilities. 

€ instructions commonly used em- 
Phasize both speed and accuracy of 
Tesponding (e.g, Alluisi & Muller, 
1958; Hick, 1952; Howell 1962: 
Klemmer, 1958) which goals are, of 
Course, directly antagonistic. Knowl- 
edge of results, which serves as a 
;ePplement to instructions, frequently 
S not given or, even worse, is mis- 
fading. This is particularly true of 
Studies in which rate of information 
Tansmission (H;/sec) is the primary 
Measure of performance, for S is never 


L p This research was carried out in the 
"es Oratory of Aviation Psychology and was 
ung orte by the United States Air Force 
taer Contract No. AF 33(616)-6166, moni- 
те Љу the Aerospace Medical Laboratory. 
аг пізвіоп is granted for reproduction, trans- 
aud d Publication, use, and disposal in whole 
in part by or for the United States 
vernment. 


informed of the fact that he is to be 
evaluated on this metric. Asa result, 
he is unaware of the existence of a rule 
by which he should weight speed and 
accuracy, and he cannot realize that 
so long as he responds consistently 
he need not even be accurate.? 

Faced with conflicting or ambig- 
uous instructions, each .S must 
assign his own weights to the alter- 
native goals. To the extent that Ss 
are alike in their weightings, instruc- 
tional sets could be confounded with 
experimental treatments; to the ex- 
tent that they are different, error 
estimates are inflated and real effects 
could be obscured. Thus, it is 
apparent that contradictory instruc- 
tions could have an important bearing 
upon the outcome of information- 
processing experiments. 

One solution to the problem of 
contradictory instructions has been 
proposed by Edwards (1961): this is 
to specify for S“. . . exchange rates; 
among value dimensions which reduce. 
them to a single final value measure'" 
(p. 283). Money, he suggests, is the 


2The information measure H;/sec is 
sensitive to speed and consistency, but not 
necessarily to accuracy of responses (Att. 
neave, 1959). 
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most useful such final value measure 
by virtue of the fact that it is used 
and understood by all potential 55. 
Whereas money is undoubtedly a 
common evaluative yardstick in our 
culture, it may also be a somewhat 
elastic one (Ashley, Harper, & Run- 
yon, 1951), and hence rather undesir- 
able for use in some psychological 
experiments. Another measure which 
is particularly worthy of consideration 
for information-processing studies is 
that of H,/sec itself. This is, after all, 
the single quantity upon which per- 
formance is ultimately evaluated. 
Some investigators (e.g., Alluisi & 
Martin, 1958; Garvey, 1957) have 
avoided conflicting instructions by 
stressing speed or accuracy alone while 
continuing to use Н,/ѕес as the 
measure of performance. Such in- 
structions, while unambiguous, would 
be expected to elicit specific and 
divergent modes of behavior. 

The argument for a single common 
value to which all conflicting goals are 
reduced appears to be a sound one 
from a logical standpoint; it is im- 
portant to recognize, however, that 
there is little empirical evidence to 
indicate the sensitivity of information- 
processing performance to contradic- 
tory instructions. It was the purpose 
of the present study, therefore, to 
determine precisely how contradictory 
instructions influence performance on 
a typical information-processing task. 
More specifically, asimple key pressing 
task was investigated under four sets 
of instructions: one set placed equal 
emphasis upon response speed and 
accuracy (ї.е., a conflicting situation), 
a second set emphasized Speed only, 
a third accuracy only, and а fourth 
Hsec. The latter three sets of 
instructions were considered to be 
noncontradictory in that $ was re- 
quired to maximize a single quantity. 
By comparing various characteristics 


of performance under these condi- 
tions, it was hoped that at least two 
questions might be answered: (a) 
Does performance under contradic- 
tory speed-accuracy instructions differ 
from that for comparable noncontra- 
dictory (H,/sec) instructions? (b) 
Does performance under contradictory 
speed-accuracy (and, in fact, noncon- 
tradictory Н,/ѕес) instructions more 
closely approximate that for speed 
alone or that for accuracy alone? The 
former question asks, in a sense, 
whether or not one may accept the 
information measure as an index ol 
performance obtained under speed- 
accuracy instructions. The latter 
question seeks to locate both instruc- 
tional sets upon a continuum defined 
by pure speed emphasis at one end 


and pure accuracy emphasis at the 
other. 


METHOD 


Subjects.—Forty male students from the 
introductory Psychology program at Ohio 
State University served as Ss; they were 
divided randomly into four treatment groups 
of 10 Ss each. 

Apparatus.—The stimulus ensemble con- 
sisted of 10 neon glow lamps positioned 
directly above a set of 10 response keys. 
Coding was in terms of spatial contiguity: the 
appropriate response to the occurrence of any 
light was the depression of that key located 
directly beneath it. 

The basic unit for presenting stimuli and 
Tecording responses was a punched-tape 
typewriter system (the Friden Flexowriter 
Programatic). As conventionally used, this 
system “reads” a code punched into tape and 
generates pulses which activate the appro- 
priate characters on the keyboard. The 
System also contains a punch which permits 
the preparation of tapes by manual operation 
of the keyboard. For the present study, this 
basic system was modified in two ways: 
(a) the pulses generated by each signal on the 
tape were fed into an additional (external) 
reading circuit which selected the appropriate 
thyratron tube for the presentation of à 
particular stimulus light, and (b) S’s response 
keys were wired to the punch mechanism 50 
that all responses could be preserved on tape- 

Several additional features of the ap- 
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Paratus were concerned with pacing and 
response timing. The utilization of a "stop" 
code after each signal on the tape made it 
Possible for the task to be self-pacing. Co- 
incident with the presentation of each 
stimulus, a Standard Electric 1/100-min. timer 
was activated which continued to run until 
a response was initiated. In this way а 
Cumulative record of response time was kept 
for an entire stimulus sequence. The initia- 
tion of the stimulus sequence was also under 
direct control of S: a green light on the 
Stimulus panel signaled the readiness of the 
apparatus, after which time S could initiate 
the first stimulus by pressing any key. A red 
ight signaled the end of a sequence. 
locata Programing and scoring apparatus was 
Ír ed in an experimental booth separate 
От that in which S was seated. The S's 
Ooth was small, painted white, and il- 
s ated dimly by diffuse light from an out- 
"Се source. The display panel and response 
eys were attached to a 30-in. high table 
fore which .S was seated; the viewing 
Istance was approximately 28 in. 
Procedure.—Each of four groups per- 
id the same task under a different set of 
structions. The task required 5 to press 
light in response to the occurrence of single- 
rule Stimuli according to one of four sets of 
sum Since instructions, complemented by 
Wis doy feedback, thus constituted the 
s Jor variable of the study, those portions 
Specific to each group are quoted below. For 
Stoups the first paragraph was an identical 
©scription of the general task; the second 
an Eraph began, “You are to respond : 
19 ended in one of the following directions: 


[Group 1]...as fast as possible; 

+ although you would like to make 
Correct responses, speed is the important 
thing and accuracy is definitely a secondary 
Consideration, 

Group 17. . . so as to make as few 
errors as possible; . . . speed is definitely 
à secondary consideration. 

Group 111]... as fast and as ac 
Surately as you сап;... speed and 
accuracy are of equal importance in per- 
orming your task. f 

Group IV]... so as to convey in- 
formation at the fastest possible rate. 
There is a way in which you can evaluate 
Your information-conveying rate (i.e., come 
ЭЧЕ with a score) which you must under- 
mand to do your best. We have 10 events 
(lights), any one of which could occur on 
ny Presentation. If you always press the 
Same key when, say, this one comes on, 


you are conveying all the information avail- 
able at that time. We can express this asa 
quantity: the bit is the unit used; one event 
selected from 10 can convey as much as 3.32 
bits of information. The more you scatter 
your responses around, however, the less 
information you convey: if, for example, 
you used a different key each time this light 
came on, you would convey no information 
(zero bits). Similarly, if you pressed the 
same key no matter which light came on 
you would also convey no information (zero 
bits). What we are measuring, then, is the 
extent to which we can tell from your 
response which light came on: if you are 
consistent in your responses to the lights, 
a lot of information is conveyed (up to 3.32 
bits per response); if you are inconsistent 
or use fewer responses than there are lights, 
the amount conveyed can decrease to zero 
bits. You can get a high score per response, 
then, by using one and only one key for each 
light—it should be easiest if you use the key 
directly below each one. 

"There is another factor which enters into 
vour score, and that is time. The faster 
vou respond, the more bits you can get per 
time period for any level of light-key 
consistency. Your score, then, will be in 
bits/sec. ls this perfectly clear? 


None of the Ss appeared to encounter any 
great difficulty in grasping these essential 
concepts. It was recognized, of course, that 
Ss in Group IV might interpret their in- 
structions much as they would those for 
Group III (i.e., go as fast and as accurately 
as you can). Even so, however, the basic 
distinction between the two treatments re- 
mained: the unitary criterion of Group IV 
permitted S to choose and, if necessary, to 
modify, his approach on the basis of a single 
evaluative dimension; the conflicting criteria 
of Group III required, in addition, that 5 
establish a “trade-off between two di- 
mensions. 

The stimuli were presented in randomized 
sequences of 100 events each at a rate con- 
trolled by S. Each sequence constituted a 
trial, and 5 trials were presented successively 
ina block. А1120 trials were completed in one 
four-block session. Rest periods of approxi- 
mately 1 min. occurred between trials, while 
periods of approximately 10 min. each 
separated blocks of trials. 

Three response measures were recorded for 
all four groups: (a) number of errors per trial, 
(b) cumulative response time per trial, (c) 
mean Hi;/sec per trial Errors were deter- 
mined by comparing S's response tape with 
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the corresponding input tape (it was necessary 
to print out both, one beneath the other, and 
to compare individual characters visually). 
Cumulative response time was read directly 
from the timer at the end of each trial. The 
Hi/sec scores were derived in the usual 
manner from an S-R matrix by subtracting 
equivocation entropy from the sum of the S 
and R entropies. The resulting Н, values 
were then divided by cumulative response 
times to yield H;/sec scores (Attneave, 1959). 

Summary knowledge of results was ad- 
ministered selectively to conform with the 
specific instructions: i.e., Group I received 
cumulative response time information ; Group 
II received error information; Group III 
received both time and error information; and 
Group IV received Н,/вес information. Since 
the time required to obtain error and H,/sec 
Scores was rather great (approximately 2 min. 
per trial) knowledge of results was only 
provided on the last trial їп each block ; 
therefore, it reflected performance on only 
400 of each 2000 stimulus presentations. 
Such a program of summary feedback ap- 
peared justified since its purpose was to 
maintain the original set rather than to 
strengthen specific associations. To facilitate 
the computation of 77;/sec feedback scores, a 
short-cut procedure was adopted in which 
estimates of H;,/sec could be read directly 
from a previously composed table. The 
assumptions required for this short cut were 
(a) that the most frequent response to each 
stimulus is the "correct" one, and (b) that all 
"errors" are randomly distributed. On any 
trial, then, the Н,/ѕес feedback score was 
determined by counting the number of errors, 
reading the appropriate Н, value from the 
table, and dividing by thecumulativeresponse 
time. Since all errors were tabulated on an 
S-R matrix, it was Possible to determine by 
inspection whether or not the assumptions of 
the short-cut procedure were tenable. In no 
Instance was it deemed necessary to reject 
these assumptions, and later computation of 
Hi/sec scores by the conventional method 


revealed no serious discrepancies (never more 
than .01 bit/sec). 


RESULTS 

Performance was ey 
basis of the last block 
the first three blocks (15 trials) were 
considered acquisition trials. The 
complete learning functions for all 
four groups are shown in Fig.1. From 
these data it appears that all groups 


aluated on the 
of trials only; 


have achieved a reasonably slow rate 
of improvement by the fourth (per- 
formance) block of trials? although 
it is probable that some improvement, 
particularly in response speed, would 
have continued for a number of trials 
thereafter (Mowbray & Rhodes, 1959). 
Figure 1a indicates that there was 
little difference between any of the 
groups with respect to speed of re- 
sponding; this conclusion was sup- 
ported by the results of an analysis of 
variance applied to the performance 
data (group differences were non- 
significant). These data do suggest, 
however, that Ss attempted to follow 
instructions, for the Group I (speed 
instructions) function is considerably 
higher than the Group II (accuracy 
instructions) function at all points. 
The accuracy data summarized in 
Fig. 1b are of considerable interest in 
that they reveal no significant trend 
of improvement for any group over 
the complete 20 trials. Overall per- 
formance differences between groups, 
however, were large and statistically 
reliable (p < .001). The statistic 
used to test these differences was the 
nonparametric Kruskal-Wallis H test ; 
its use was warranted by a highly 
significant heterogeneity of group 
variances as determined by Bartlett's 
test, x*(3) = 16.73. This hetero- 
geneity is attributable primarily to 
large individual differences occurring 
within Group I (see Table 1) Non- 
parametric two-sample tests (Mann- 
Whitney U) were carried out on the 
performance data to determine which 
pairs of groups differed in accuracy. 


2 The functions of Fig. 1 were plotted by 
blocks rather than by trials for the sake of 
Clarity of inspection. This treatment of the 
data fails to express adequately the rapid 
improvement within Block 1 and the slow 
rate of improvement within Block 4 of Fig. 1a- 
Within Block 1 the linear slope of all curves 
was about .06; within Block 4 it did not 
exceed .004 for any group. 
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BLE 1 


COMPARISON OF MEANS AND SDs ron THE Last BLOCK or TRIALS ON ALL THREE MEASURES 


Group 
Measure I | IH | ш у 
à | : 
Mean | SD | Mes | 5р Меап SD Mean | SD 
5 5 15 
Accuracy (% correct) 87.30 5.44 97.80 Al 95.90 .62 95.90 А 
Speed (response/sec) 1.84 46 1.72 26 1.76 .30 1.80 40 
"Transmission Rate м E 
(Hi/sec) 5.16 76 5.56 | .40 5.58 | .45 5.67 | .60 


It was found that all group differences 
were significant (p < .05) with the 
exception of that between Group 111 
(speed and accuracy instructions) and 
Group IV (H,/sec instructions). 

The most critical results are those 
obtained using the HĦ,/sec metric, 
for it is this score which typifies 
most information-processing research. 
These data, which appear in Fig. 1c, 
indicate that performance was similar 
under all conditions save those for 
Group I (speed instructions). A 
Bartlett’s test carried out on the 
performance data revealed a lack of 
heterogeneity among the variances of 
the four groups (x? = 4.66) which 
permitted the use of the 7 statistic 
to test group differences. The anal- 
ysis yielded F(3,36) = 1.48 which 
failed to achieve statistical signifi- 
cance. Since instructions do not 
constitute a continuous variable, and 
since only one group yielded scores 
which were at all deviant from the 
others, the ¢ statistic was used to test 
the difference between Group 1 and 
all other groups combined. Viewed in 
this manner, the difference achieved 
significance at the level of p < .05. 


Discusston 


The similarity of Group III and Group 
IV performance on all three measures 
(speed, accuracy, and H,/sec) suggests 


that contradictory instructions present 
no problem to S in a simple information- 
processing task. He appears, in fact, to 
weight the conflicting goals of speed and 
accuracy exactly as he would if he were 
attempting to maximize rate of trans- 
mission (H,/sec). Furthermore, the fact 
that individual differences are no greater 
for Group III than for Group IV in- 
dicates that Ss tend to agree in their 
weighting of speed and accuracy. These 
findings serve to strengthen the accepta- 
bility of investigations carried out under 
contradictory speed-accuracy instruc- 
tions, particularly those studies in which 
performance is measured in terms of 
speed, accuracy, or Н,/ѕес. 

With respect to the question of how 
multigoal performance compares with 
that for speed-emphasis or accuracy- 
emphasis instructions alone, the answer 
is clear and rather dramatic: S is 
primarily concerned with accuracy; he 
adjusts his response rate so that the 
percentage of errors does not exceed 
some critical level. In the present study 
the critical level appears to have been 
about 4% for both the speed-accuracy 
and H,/sec conditions, a figure which is 
in agreement with some reported by 
other investigators (e.g., Garvey, 1957; 
Klemmer, 1958). Comparison of this 
accuracy level with those for Group I 
(speed) and Group II (accuracy) indi- 
cates closer agreement with the latter 
(276 errors) than with the former (13% 
errors). The high degree of similarity 
among speed-accuracy, /T;/sec, and ac- 
curacy group performance is corroborated 
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iy the response speed (Fig. 1a) and the 
ormation transmission (Fig. 1c) data. 
QUPD evidence for the notion of a 
Nei es accuracy level or accuracy cri- 
füncii As provided by the acquisition 
арла ons shown in Fig. 1а and 1b. It is 
5 e here that accuracy remains at 
ing; z constant level throughout learn- 
“ч early all improvement comes about 
his т of increased response speed. 
his d that Sis unwilling to lower 
BM шн criterion even though it 
t is tates relatively slow responding. 
Sa oe to speculate upon the 
rigid] "d of this finding and to ask how 
criterio ? will maintain his accuracy 
fequirer in the face of more difficult task 
this ments. Obviously, the answer to 
Pies чон cannot be found in the 
maxim data since the task used was of 
Bon ма S-R compatibility. Compari- 
Айны ш other investigations (еә 
iere & Muller, 1958; Klemmer, 1958), 
patible suggests that for less com- 
criteri tasks 5 reduces his accuracy 
Precise to levels as low as 89%. Тһе 
tween du DM of the relationship be- 
difficult S accuracy criterion and task 
of ind y or S-R compatibility 15 worthy 
ependent investigation. 

, hajs the most striking feature of 
Sar data is the differential in- 
rayer that speed-emphasis and accu- 
fmi, phasis instructions have upon 
that mance, It appears from Fig. 1b 
lead S es, in fact, 
Slighti to raise his accuracy criterion 
to 989, (from 96% іп Groups Ш and IV 
gible o in Group II), but with a negli- 
Ee en statistically insignificant E 
the ed in response speed (Fig. 1а). m 
ing oon hand, speed emphasis results 
in ,eegligible and insignificant increase 
red *Sponse speed and a very large 
Uction in the accuracy criterion (to 
therefor Group I). It would appear, 
ions hes that in the absence of instruc- 
maxi © the contrary 5 behaves with the 
Ximum efficiency permitted by his per- 


accuracy emphasis do 


се 
Мер -motor equipment. He chooses a 
f. accuracy criterion and responds as 


as ^ é 
in ae this criterion will allow. He is, 
but „probability, capable of going faster, 
с loss in efficiency incurred by such 


a choice is great (see Fig. 1c). Since his 
accuracy criterion is already high (at 
least for the present simple task), he 
cannot perform with much greater accu- 
racy, and thus instructions to do so have 
a relatively small effect. It is interesting 
to note that S does not choose a 100% 
accuracy criterion even though strongly 
advised to do so by the accuracy- 
emphasis instructions. Apparently the 
loss in speed which such an approach 
would have incurred at the stage of 
training sampled was greater than S was 
willing to tolerate. Thus, it appears that 
there is a critical speed, as well as a 
critical accuracy level, below which S 
is unwilling to perform. This suggestion 
isimplicit in the notion, expressed earlier, 
that S's accuracy criterion is at least 
partially determined by S-R compati- 
bility; if accuracy is sacrificed in a low- 
compatibility task, it is probably to 
avoid falling below some critical speed 
level. 

Several conclusions may be drawn from 
these findings. First, the fact that in- 
structions contain contradictory goals 
does not necessarily lead to serious vari- 
ability among Ss or to systematic biases 
in their mode of responding. This is not 
to question the cogency of the point 
raised by Edwards (1961); there may 
indeed be task situations in which con- 
tradictory instructions influence per- 
formance, but the typical information- 
processing schema does not seem to be 
among them. Second, it appears that it 
is feasible to use as a single common goal 
the metric of H;/sec. Neither the data 
from the present study nor the informal 
questioning of Ss after it suggest that 
there was any difficulty in understanding 
the concepts involved. Since scoring is 
generally based upon the information 
measure, it seems unnecessary to convert 
all values to the questionable money 
scale. Finally, it appears that S adopts 
certain speed and accuracy criteria in 
performing an information-processing 
task, which criteria are little influenced 
by instructional sets other than those 
emphasizing speed exclusively. Evi- 
dence from this and other studies sug- 
gests that the accuracy criterion chosen 
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by S is high (90% or better) and that 
speed is adjusted to or near the highest 
level permitted by this criterion. How- 
ever, it appears that there is a limit 
below which S will not adjust his speed; 
faced with a task which would force speed 
below this criterion, $ chooses instead to 
lower his accuracy criterion. Much 
additional research is needed to establish 
the precise quantitative nature of these 
criteria, their relationships to each other 
and to specific task variables. 
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VERBAL PAIRED-ASSOCIATE LEARNING AS А FUNCTION 


OF GROUPING SIMILAR STIMU 


LI OR RESPONSES ! 


IRIS C. ROTBERG AND MYRON WOOLMAN ° 


Human Resources Research 


Verbal paired-associate le: 
similar stimuli were grouped 
were grouped. 


correct. responses; type of errors made, 
and those ind 
Its indicated 
sed of similar item: 
terpreted in terms of discrimination 


between similar items 
similar items. The гези 
groups of stimuli were compo 
similar ones. 
and coding of the similar items. 


‚ The ability of Ss to learn to asso- 

Clate pairs of items was measured 
(а) when similar or dissimilar items 
Were grouped, and @) when the 
Similar or dissimilar groups of items 
Were used either as stimuli or re- 
Sponses, 

Gibson's (1942) research demon- 
Strated that confusions between stim- 
uli аге а function of the degree of 
Similarity between the stimuli. Sub- 
Sequent studies have indicated that 

€ manner in which similar stimuli 
?re grouped affects the ease with 
Which they are learned. In this 
connection, Gagné (1950) compared 
Similar and dissimilar stimulus groups. 

Sing nonsense forms as stimulus 
Material, Gagné found that Ss given 
earning groups composed of similar 
Stimuli did better during testing than 
id those given dissimilar groups. He 


b ! The research reported here was conducted 
Y the authors while they were employed by 
W Human Resources Research Office, George 
t ashington University, operating under con- 
"Act to the Department of the Army. 
3 Pinions and conclusions are those of the 
Vriters and do not necessarily represent views 
the university or the Department of the 
"my, The authors wish to thank their 
Colleagues at HumRRO for their valuable 
ments and suggestions. 
Sea Now at the Institute of 
arch, Washington, D. € 


Educational Re- 


The findings were in 


AT 


Office, George Washington University 


arning was measured when similar or dis- 
, and wh 
The following measures were employed: number of 


en similar or dissimilar responses 


i.e., errors indicating confusion 
icating confusion between dis- 
that learning was better when 
s rather than dis- 


interpreted the finding in terms of 
the hypothesis that similar learning 
groups provide an earlier opportunity 
than do dissimilar groups for learning 
the cue relevant to the response. For 
the similar groups, earlier stimulus 
generalization is followed by relatively 
rapid discrimination and, therefore, 
superior test performance occurs. 

Because of the nature of the re- 
sponse words that he used, Gagné 
could not demonstrate, for the ma- 
jority of items, whether the errors 
resulted from confusion between simi- 
lar items or dissimilar items. There- 
fore, his study used, as a measure of 
generalization, the number of overt 
errors, regardless of the type of 
confusion errors occurring. 

It should be noted that Rothkopf 
(1958), using Morse Code stimuli, 
found the dissimilar groups superior. 
As a possible explanation, he noted 
that the stimuli in his study, unlike 
Gagné's, were not amenable to ver- 
balization. 

In the present study, the following 
measures were employed: (a) number 
of correct responses; (b) type of 
errors made, ie., errors indicating 
confusion between similar items and 
those indicating confusion between 
dissimilar items. Each of these 
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measures was compared for (a) Ss 
given groups of stimuli composed of 
similar or dissimilar items and (b) Ss 


given groups of responses composed 
of similar or dissimilar items. 


METHOD 


Three experiments were conducted. In 
Exp. I, each stimulus and each response 
presented were displayed for 4 sec. To allow 
more time for responding, each stimulus and 
response were displayed for 8 sec. in Exp. II 
and III. Experiments I and II used the 
same operational definition of similarity. 
Experiment III used a second definition. 

Subjects—The Ss were 154 male and 
female high school student volunteers from 
the District of Columbia. Fifty-six Ss par- 
ticipated in Exp. I, 55 in Exp. II, and 43 in 
Exp. III. 

Word list.—The nine-word paired-associate 
list of nonsense and English words and the 
organization of the list into similar and dis- 
similar groups are illustrated in Table 1. 

The list of nine nonsense terms consisted of 
three similarity categories. The three words 
within each category had three letters in 
common  (nondistinctive letters) and one 
letter differing (distinctive letter). No letter 
in any Category was repeated in any other 
category. 

Two types of similarity 
For Exp. I and II, nonsense 
in which the first three lett 
within categories were nond 
As may be noted from Tab! 
were identical in content 
fourth letter of each tern 


were employed. 
terms were used 
ers of each term 
istinctive letters. 
le 1, these letters 
and sequence. The 
n was the distinctive 


TABLE 1 


SIMILAR AND DISSIMILAR 
LEARNING GROUPINGS 


Exp. I and II Exp. III 
Simila; issimi| imi issimi 
milar Dissimilar Similar Dissimilar 
VKIW-YARD | VKIW-YARD VKIW-YARD | v; 
KIW-YARD 
VKIH-STAR | LDAQ-MEAT HVIK-STAR DLAQ-MEAT 
VKIF-ROAD | BJER-DOOR | KFIV-ROAD BJER-DOOR 
LDAQ-MEAT | VKIH-STAR | DLAQ.MEAT HVIK-S 
LDAT-TREE | LDAT-TREE | LrAD-IREE LTAD-TREE 
LDAX-COAT | BJEG-BOAT | Хрлі солт GBEJ-BOAT 
RJER-DOOR | VKIF-ROAD | RJER-DOOR KFIV-ROAD 
BJEG-BOAT | LDAX-COAT | GBEJ-BOAT XDAL-COAT 
BJEN-HOUR | BJEN-HOUR | JNEB-HOUR JNER-HOUR 


letter. For Exp. III, the nonsense terms used 
the same three nondistinctive letters within 
each category. However, the letters differed 
systematically in sequence and position, The 
distinctive letter also varied in position. | 

Words were combined for learning into 
three-word groups composed of either similar 
or dissimilar nonsense terms. The nonsense 
terms were randomly paired with common 
four-letter English words. 

Experimental design.—Similarity was ma- 
nipulated only in the nonsense term. There- 
fore, stimulus similarity was studied under a 
paired-associate procedure with English re- 
sponses. Response similarity was studied 
under a procedure with nonsense responses. 

The Ss in each experiment were assigned 
to one of the following learning groups: 


1. Similar Stimulus group—grouped Dres 
entation of similar stimuli (example, VKIW, 
VKIH, VKIF). 

2. Dissimilar Stimulus group—grouped 
Presentation of dissimilar stimuli (example, 
VKIW, LDAQ, BJER). 

3. Similar Response group—grouped pres- 
entation of stimuli for which the correct 
responses are similar (example, YARD, STAR; 
ROAD). 

4. Dissimilar Response group—grouped 
Presentation of stimuli for which the correct 


Tesponses are dissimilar (example, YARD, 
MEAT, DOOR). 


Procedure.—For each experiment, Ss were 
randomly assigned to treatment, and treat- 
ments were randomly assigned to day and 
hour. The same E and room were used for 
each experimental group. The word lists 
were presented by means of filmstrips pro- 
jected on a screen facing the group. 


First, a stimulus (nonsense or English) was 
flashed on the screen. While the stimulus was 


on the screen, Ss were to write the response 


(English or nonsense) which they considered 


Correct. The correct response was shown 
immediately after the presentation of the 
stimulus. 


The Ss were directed to write 
their responses on every trial except the first 
trial of each three-word group. 

During learning, each three-word group 
was presented for five trials. Words were 
rerandomized within groups each time they 
Were repeated. The five trials for each three- 
word group were completed before the next 
group was presented, 

Following learning, 
consisting of the nine 
random order for five tri. 
Period, correct responses 


Ss were given a test 
words presented i” 
als. During the test 
were not shown. 
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TABLE 2 


MEAN NUMBER or Correcr RESPON: 
EACH EXPERIMENTAL TREATME: 
DURING TESTING 


5 FOR 


Stimulus Groups Response Groups 


Exp, 
Similar Dissimilar | Similar Dissimilar 
i 19.17 | 10.93 4.93 6.53 
ul 28.57 20.79 23.43 18.15 
37.40 27.44 13.08 13.91 
RESULTS 


5 The mean number of correct re- 
"Ропзеѕ during testing is presented in 
Ss 2 for each experimental treat- 
* The differences were evaluated 

?У means of two-tailed / tests. 
thie e Similar Stimulus groups made 
Te Correct responses than did the 
dige Pilar Stimulus groups. The 
erence was significant in Exp. 11 
ARLI and approached the = 
Mes ae level in Exp. I (p < .05 ) 
“Xp. 11 (p < .051). Differences 
“Ween the Similar and Dissimilar 
“SPonse groups were not significant.’ 


Broups can be noted from Table 2 Hiag ie 
Made whose responses were English | 5 
Stoup More correct responses than did the 
Thes 5 Whose responses were nonsense terms. 

Se differences were significant for the 
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Errors were classified into inside- 
category (similar) and outside-cate- 
gory (dissimilar) substitutions. In 
the stimulus groups, an inside sub- 
stitution is defined as the use of a 
response word appropriate to a term 
from the same similarity category. 
An outside substitution is the use of a 
response word appropriate to another 
similarity category. For example, if 
the stimulus is ҮКҮ, an inside 
substitution is STAR or ROAD, and an 
outside substitution is MEAT, TREE, 
COAT, DOOR, BOAT, OR HOUR. (See 
Table 1.) 

For the response groups, an inside 
substitution is defined as the substitu- 
tion of aletter from the same similarity 
category. An outside substitution is 
the substitution of a letter from 
another category. The measure used 
is number of erroneous occurrences of 
the distinctive letters, regardless of 
position. For example, if the stimulus 
is YARD, the response KFBT includes 
one inside substitution (F) and one 
outside substitution (T). 

'The mean number of errors of each 
type for each experimental group is 
presented in Table 3. 
similar (p < .01) and dissimilar (p < .02) 
groups in Exp. I and for the similar (5 < .001) 
and dissimilar (p < .02) groups in Exp. 111. 


TABLE 3 


Mran NUMBER OF INSIDE AN 


D OUTSIDE SUBSTITUTION ERRORS FOR 
Елсн EXPERIMENTAL TREATMENT DURING TESTING 


Stimuli Responéex 
Exi Буй ыр Similar Dissimilar Similar Dissimilar 
› s T 5 
Еггогз 
ый ; |Weighted| Raw |Weighted| Raw  |Weighted| Raw 
Weighted| Raw eighte м b Мез Mi. 
"d 8008 Mean Mean Mean Mean Mean Mean Mean Mean 
l i 20.76 | 6.02 | 39.99 | 13.33 | 13.92 | 4.64 | 23.19 | 7.73 
Inside 1442 | 1442 | 1647 | 16.47 | 10.00 | 10.00 | 12.73 | 12:73 
П шее 3 6.71 | 29.79 9.93 | 25.50 8.50 | 22.62 7.54 
Inside 20.1: d 2 7.50 7.50 | 13.38 
Outsid 9.00 | 9.00 | 13.29 | 13.29 С Е ! 13.38 
Tm Inside | 930 | 310 | 19.32 | 6.44 | 37.38 | 1246 | 21.54 | 7.18 
Outside | 370 | 3.70 | 9.56 | 9.56 | 16.54 | 16.54 | 14.64 | 14.64 
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The inside substitutions were 
weighted by 3 because their chance 
probability of occurrence was one- 
third the probability of outside sub- 
stitutions. The raw number of sub- 
stitutions for each treatment is also 
presented in the table. 

Comparisons indicate the following 
significant differences: 

Within stimulus groups.—More in- 
side (weighted by 3) than outside 
substitution errors were made by the 
Similar (p < .05) and Dissimilar 
(b < .01): Stimulus groups in Exp. I 
and II, and by the Dissimilar Stimulus 
group in Exp. III (р < .05). 

Across stimulus groups.—The Simi- 
lar Stimulus group made fewer inside 
substitutions than did the Dissimilar 
Stimulus group in Exp. I (Ф < .01), 
and fewer outside substitutions than 
did the Dissimilar Stimulus group in 
Exp. III (p « .05). 

Within response groups.—More in- 
side (weighted by 3) than outside 
substitutions were made by the Dis- 
similar Response group in Exp. I 
(b « .01), by the Similar (p < .02) 
and Dissimilar (b < .01) Response 
groups in Exp. II, and by the Similar 
Response group in Exp. III (p <.001). 

Across response groups.—The Simi- 
lar Response group made more inside 
substitutions than did the Dissimilar 
Response group in Exp. III (p < .01). 


Discusston 


The results of this study show that 
learning is better when groups of stimuli 
are made up of similar items rather than 
dissimilar ones. As Previously described, 
Gagné (1950) suggested that groups of 
stimuli consisting of similar items provide 
a discrimination advantage. This ex- 
planation would be sufficient in the 
present study if the Similar Stimulus 
groups were superior only because they 
made fewer inside errors. However, this 
explanation does not account for the fact 
that the Similar Stimulus groups made 


fewer outside errors as well, in Exp. H 
and III. Only in Exp. I can the overall 
superiority of the Similar Stimulus group 
be attributed primarily to fewer inside 
errors. 

We suggest that the Similar Stimulus 
groups made fewer outside errors for 
the following reasons: Similar stimulus 
grouping provides stimulus categories 
that can be learned readily. The re- 
sponses paired with the stimuli within 
categories will also, to some degree, be 
associated with each other. During 
testing, S can assign each stimulus to one 
of the categories. To the extent that he 
has also linked responses to each other 
and to the similarity category, S can 
reduce the number of alternatives from 
which he must choose. Thus, for E 
ample, although there are nine possible 
responses to the stimulus уктуу, Ss from 
the Similar Stimulus group are more 
likely to limit their responses to YARD; 
STAR, or ROAD—all of which belong to the 
appropriate similarity category. When 
dissimilar stimuli are grouped, stimuli 
belonging to similarity classifications аге 
separated and, therefore, no easily iden- 
tifiable categories are available. А 

Rothkopf (1958) explained the superior 
performance of the Dissimilar Stimulus 
group in his study by noting that Ss were 
unable to verbally describe the stimuli 
(Morse Code). The apparent incon- 
Sistency between these results and the 
results of Gagné (1950) and those cited 
in the present paper may be in part 
resolved by noting that the inability to 
verbalize might reduce the coding ad- 
vantage provided by the Similar Stimulus 
group. 

In summary, stimulus similarity re- 
sults in learner generalization, manifested 
both in discrimination difficulty and cod- 
ing opportunity. Thus, similar stimulus 
grouping is superior to dissimilar group- 
ing because it decreases discrimination 
difficulty, while increasing the oppor- 
tunity for coding. Within the present 
research structure, an inability to dis- 
criminate has been measured in terms © 
Ss’ confusions between similar items (in 
side substitution errors). An inability 
to code, that is, an inability to assig” 


Tesponses to the proper similarity cate- 
Rory of items, has been measured in terms 
of 5s' confusions between dissimilar items 
(outside substitution errors). 

Generalization between similar re- 
SPonses is evident from the erroranalyses. 
However, the present results do not indi- 
Gate that grouping similar responses (as 
distinguished from similar stimuli, de- 
Scribed above) is effective for error 
reduction, 

Grouping similar responses apparently 
does not provide the possibility either for 
Accelerate discrimination or for coding. 
А “celerated discrimination might not be 

vident because the role of the distinctive 
Cue is not so sharply delineated. Coding 
Probably does not occur because Ss have 
9t classified stimuli and, therefore, can- 
ОС assign them to similarity categories 
Uring testing. 
е have hypothesized that discrimina- 
tvel and coding can operate most effec- 
Y when the grouped similars are in 
Rue Stimulus position. The similar items 
п be functionally placed in this position 


the a iz imulus and 
respo Ppropriate use of stimulu 


for the responses they made. 
$ procedure functionally places re- 
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sponses in the stimulus position. There- 
fore, a stimulus correction method should 
be more effective than a response correc- 
tion method for reducing errors under 
similar response grouping. 

In the response correction procedure, 
Ss are shown the stimulus, make their 
responses, and then are shown the correct 
response for the stimulus presented. 
This is the usual procedure and the one 
employed in the present experiments. A 
response correction method should be 
more effective under similar stimulus 
grouping (Shepard, 1958). 
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CLASSICAL EYELID CONDITIONING AS A FUNCTION 
OF SUSTAINED AND SHIFTED INTERSTIMULUS 


INTERVALS ! 


HARVEY C. EBEL Axp WILLIAM F. PROKASY 


Pennsylvania State University 


39 Ss were given 1200 classical eyelid conditioning trials over 12 sessions 
of 100 trials each. The manipulated independent variable was inter- 
stimulus interval, the specific values employed being 200, 500, and 800 
msec. Depending upon the treatment combination, some Ss received 
only 1 interstimulus interval throughout training, while others were 
shifted back and forth between 2 interstimulus interval values. The 
major results were (a) response frequency continued to increase beyond 
400 training trials, though differences as a function of ше ишк 
interval were not statistically significant; (b) both mean and SD о 
latency varied directly with interstimulus interval and changes in 
interstimulus interval; and (c) both mean and SD of latency decreased 
across training sessions. The data were interpreted in terms of an 
assumed reinforcement related to the temporal disparity between UCR 


and UCS onsets. 


The results of a study by Boneau 
(1958) make it clear that latency, as 
well as frequency, of CR is influenced 
by manipulations of interstimulus 
interval (ISI). Boneau reported that 
latencies increase with ISI and that, 
as training progresses, they increase 
and become more precise with respect 
to UCS onset. These observations 
strongly suggest that a major com- 
ponent of what S learns in classical 
eyelid conditioning is when to make 
the response ; i.e., CR latency. 


It was the primary purpose of this 
study, therefore, to examine char- 
acteristics of CR latency in more 


detail through the manipulation of 
ISI. Emphasis was placed upon 


1 This report is an ad 
master's thesis of Harvey 
direction of William F. 
to the Graduate School 
State University. 
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aptation from the 
C. Ebel, under the 
Prokasy, submitted 
of the Pennsylvania 
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individual latency distributions and 
how they were modified by initial 
training to ISI “А,” a shift to ISI 
“B”, апа a return to ISI “A.” In order 
to examine complete individual distri- 
butions, however, it was necessary to 
use an intermittent reinforcement 
training procedure, so that post-UCS 
CRs could be included in the distri- 
butions. 


METHOD 


A pparatus.— The apparatus for picking up, 
amplifying, and recording eyelid responses is 
described elsewhere (Prokasy & Whaley, 
1961). 

The CS was an increase in brightness from 
5.2 to 295.6 mL. of a 3-in. milk-glass disk 
located approximately 32 in. in front of S, 
about 11 in. below eye level. The UCS wasa 
50-msec. puff of nitrogen delivered to S's 
right cornea through a 4.5-mm. diameter jet 
adjusted to between .25 and .75 in. from S's 
eye. The puff intensity was sufficient to 
Support a 270-mm. column of mercury, 
measured at point of delivery to the eye. 

Trials were programed at a fixed intertrial 
interval (ITT) of 10 sec. through a Western 
Union tape transmitter. 'The CS, UCS, and 
ISL durations were controlled by Hunter- 
Brown interval timers. Equipment cues were 
masked by an 80-db. spl white noise sound 
screen presented through a set of earphones, 
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Subjects —The Ss were 46 male under- 
graduate students at the Pennsylvania State 
University, enrolled in a class in introductory 
psychology, who participated in the study to 
fulfill a course requirement. Of the 46 Ss, 
2 were eliminated because they inadvertently 
were placed under the wrong ISI condition 
after training procedures had been initiated, 
and another 5 were eliminated because they 
failed to give UCRs to the UCS. 

Experimental design—The 39 Ss who 
completed training were placed randomly into 
one of nine treatment groups. Three ISI 
conditions were employed in the study: 
200 msec., 500 msec., and 800 msec. Of the 
nine treatment combinations, six involved 
shifts from one ISI to another, while three 
involved only a single ISI value throughout 
training. р 

Five Ss each were assigned to the six 
shift conditions, and 3 Ss each to the control 
conditions. Each $ underwent 12 sessions 
of 100 trials each. For Ss in the six shift 
groups, the first four sessions (Block 1) were 
devoted to experience with the initial ISI, the 
second four (Block 2) to a different 151, and 
the final four (Block 3) to the initial ISI. 
The first session in each block was an 80% 
reinforcement schedule with 20 test trials (i.e., 
nonreinforced trials) randomly inserted in 
the total of 100 t The following three 
Sessions in each block were 65% reinforce- 
ment schedules, containing 35 test trials in the 
total of 100 trials. Thus, each block con- 
tained a total of 400 trials, and each S was to 
receive a total of 1200 trials during the course 
Of the 12 sessions. The three consistent (i.e., 
Control) groups received either a 200-, 500-, 
Or 800-msec. ISI throughout the 1200 trials. 
To control for number of reinforced trials, 3 s 
in these conditions received the 80 and 65% 
Schedules in the same order as that given to 
the six shift groups. . 

Procedure.—Neutral instructions were read 
to Ss. They indicated the function of the 
various pieces of equipment within the testing 
chamber, and emphasized that Ss were to 
Watch the milk-glass disk, relax, and not 
Control voluntarily their natural reactions to 
the stimuli. After the instructions were read 
to S, he was asked to repeat them "in general 
and then the recording headgear was fitted. 
The E left S's chamber and made any nec- 
essary apparatus adjustments, after which 
he initiated training trials. um 

The total time elapsing from beginning of 
Instructions to completion of the 100 trials 
10 the first session was approximately 25 min. 

dividual sessions were separated, generally, 
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1. Percent CR over the first four 
sessions as a function of ISI. (N is 13 in each 
group.) 


by no more than 4 days. A CR was defined 
as the first response on a test trial occurring 
in the interval from 166 to 1066 msec. after 
CS onset. Through extending the recording 
period beyond the 200-, 500-, and 800-msec. 
CS durations by, respectively, 866, 566, and 
266 msec, this definition of a CR range 
equalizes the opportunity for involuntary 
blinks in the three ISI conditions. The CS 
duration equaled ISI in all conditions. 


RESULTS 


Frequency.—For the first four ses- 
sions there were 13 Ss each receiving 
an ISI of 200 (Groups 222, 252, 282),? 
500 (Groups 555, 525, 585), and 800 
(Groups 888, 828, 858) msec. Figure 
1 provides mean percent CR on test 
trials for those four sessions and 
Table 1 summarizes an analysis of 
variance of thedata. Although Ss re- 
ceiving the 500-msec. ISI performed 
consistently highest, the differences 
among groups were not significant. 

In addition to the reliable individual 


? Group designations correspond to block- 
by-block treatment. For instance, Group 252 
received a 200-msec. ISI in Block 1, a 500- 
msec. ISI in Block 2, and a 200-msec. ISI 
in Block 3. 
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TABLE 1 


ANALYSIS OF VARIANCE OF PERCENT CR As A 
FUNCTION OF ISI AND THE FIRST 
Four TRAINING SESSIONS 


Source df MS F 
S 38 
Bepon x 2 689.9 2.1 
Error (b) 36 328.5 19:] 4*9 
Within Ss 117 Ми 
Sessions (S) 3 129.0 Roe" 
ISI X S 6 20.6 1.2 
Error (w) 108 17.2 
** p < 001. 


differences (significant b-error), per- 
cent CR continued to increase through 
the fourth session, with no evidence 
that asymptotic performance had 
been reached. That performance, in 
general, increased beyond the fourth 
session is suggested by the medians 
for each group provided in Table 2. 
Small group Ns at this stage of 
practice precluded satisfactory sta- 
tistical analyses of these data, though 
increases in median percent CR from 
Session 4 to Sessions 10-12 were 
observed in eight groups with one tie. 
Discounting the tie, this result is 
significant at the .01 level by a two- 
tailed binomial test. 

Since initial group differences were 
not large and CR performance in- 


TABLE 2 
MEDIAN PERCENT CR on SESSION 4 
AND ON SEssions 10-12 


Median % CR 
Group 
Session 4 Sessions 10-12 

222 50 10 

252 50 83 
282 83 90 
555 100 100 
525 80 93 
585 93 97 
888 50 83 
828 63 87 
858 90 93 


creased throughout sessions, there was 
no way to determine the effect of 
shifts in ISI on percent response. 

Latency.—For each S three latency 
distributions, each based on 90 test 
trials? were obtained: one from Ses- 
sions 2-4, one from Sessions 6-8, and 
one from Sessions 10-12. By omitting 
latencies from the 20 test trials on 
each of Sessions 1, 5, and 9, hetero- 
geneity of the distributions was re- 
duced, since these sessions would be 
influenced by initial acquisition effects 
and the immediate effects of shifts 
from one ISI to another. The data of 
1 S in each of the nine groups are 
presented in Fig. 2 and 3.4 

Several trends are evident in these 
distributions. First, omitting alpha 
responses (those responses with la- 
tencies under 166 msec.), the dis- 
tributions tend to be unimodal and 
symmetric, with an increasing density 
around the mode as training pro- 
gresses (Fig. 2). Second, these figures 
exemplify the control on latency 
exerted by the ISI: the longer the ISI, 
the greater the latency and the less 
dense the latency distribution. Third, 
there tends to be a decrease in latency 
(Fig. 2) across training blocks. 

For each block of four sessions both 
mean and SD of latency were obtained 
for individual Ss in all groups. The 
obtained group averages are provided 
in Table 3. 


During Block 1, before ISI shifts 
were effected, there were 13 Ss each 


* Unpublished data from our laboratory 
reveal systematic latency increases over the 
first 20 trials of each session; therefore, the 
first 5 test trials, occurring early in each 
session, were omitted from analyses. 

* Data for each individual S, including 
Session-by-session frequencies and block-by- 
block latency distributions as well as the 
results of more extensive statistical analyses, 
are available upon request from the authors. 
Group trends reported in this paper held for 
the majority of individual Ss. 
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receiving an ISI of either 200, 500, or 
800 msec, The pooled mean latencies 
Of, respectively, 311, 465, and 664 
msec, were significantly different, 
F(2, 36) — 33.9; p « .001; error 
MS = 12000. Similarly, mean SDs 
of, respectively, 120, 128, and 193 
msec. differed significantly, 7(2, 36) 
= 4.7; p < 05; error MS = 4818. 


TABLE 3 
Latency Mrans AND SDs (MSEC.) OVER 
THREE BLocks OF Four SESSIONS 


Block 1 Block 2 Block 3 


Group 
Mean | SD | Меап | SD 


245 | 65 | 231 | 57 
252 | 342 | 137 | 425 | 163 | 302 | 97 
282 | 306 | 135 | 465 | 199 | 286 | 129 
$555 527 | 128 | 413 | 82 | 305 | 69 
525 | 499 | 153 | 314 | 131 | 469 | 153 
585 | 393 | 87 | 575 | 158 | 420 | 107 
888 | 760 | 193 | 773 | 145 | 693 | 171 
828 | 623 | 213 | 308 | 116 | 515 | 224 
858 | 647 | 172 | 508 | 106 | 558 | 181 
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Individual S latency distributions at three stages of training 
for 1 5 each from Groups 222, 555, and 888. 


.The significance of the latency 
decrease in Groups 222, 555, and 888 
across blocks was tested with a 
Jonckheere (1954) test for ordered 
alternatives and related measures. 
The particular scores employed were 
individual means on each of the final 
11 sessions. Despite the fact that 
there were only 3 Ss in each group, 
the obtained р values for Groups 222, 
555, and 888, respectively, were .006, 
<.001, and .063 (z = 2.52, 5.14, and 
1.54). 

For each of the total of 9 Ss in 
Groups 222, 555, and 888 mean SDs 
on Blocks 1 and 3 were compared. A 
t test for related measures yielded a 
p< .05, 1(8) = 242; om = 12.5 for 
the mean decrease of 30.3 msec. 

Table 3 illustrates how increases 
or decreases in ISI resulted in cor- 
related increases or decreases in both 
mean and SD of latency. Of 30 Ss in 
the six shift groups, the change in IS] 
from Block 1 to Block 2 resulted in 4 
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corresponding increase or decrease in 
mean and SD with, respectively, 28 
and 27 Ss. Similarly, in the ISI 
change from Block 2 to Block 3, the 
means and SDs of 27 and 26 Ss, 
respectively, corresponded with the 
direction of change. All four of these 
results are significant with a two- 
tailed binomial test (p « .001). 

To some extent the overall latency 
decrease in Groups 222, 555, and 888 
can be observed in the six shift 
groups. Specifically, a comparison of 
mean latencies between Blocks 1 and 
3 was made and, of 30 Ss, 22 yielded 
à shorter mean latency in Block 3, 
significant at beyond the .02 level with 
a two-tailed binomial test. lt should 
be noted that three of the exceptions 
Were in Group 585, two in Group 525, 
two in Group 282, and one in Group 
252. 


DISCUSSION 


Since response frequency did not vary 
Significantly as a function of ISI, our 
results provide no information on how 
Within-§ shifts in ISI affect this de- 
Pendent variable. Ап unanticipated 
result, however, was that overall response 
frequency continued to increase beyond 
Training Trial 400, and that final median 
Percent response was 83 or greater for all 
&roups irrespective of the ISI conditione 
employed. Undoubtedly the use of 12 
Separate sessions made some contribu- 
tion to the continued increase, since 
there is evidence (Prokasy, Grant, & 
Myers, 1958) of recovery between suc- 
cessive acquisition sessions. | Nonethe- 
less, with massed training trials (10-sec. 
intertrial intervals) and a low inter- 
Mittent reinforcement percentage (65 on 
9 of the 12 sessions), both of which 
retard CR development (see Kimble, 
1961, pp. 103, 125), the high response 
levels obtained are somewhat surprising. 
Since past studies of the ISI variable in 
Classical eyelid conditioning were con- 
ducted with fewer than 200 trials, our 
results raise the possibility that the ISI 


function does not reflect exclusively 
asymptotic performance. 

Of major concern are the results that 
individual latency means and SDs were 
positively related to ISI and that with- 
in-S increases or decreases in ISI resulted 
in correlated changes in latency means 
and SDs. Both sets of observations are 
consistent with the group data of 
Boneau (1958). In addition, it was 
observed that individual latency dis- 
tributions tended to be symmetric, with 
a portion of some distributions extending 
beyond the point in time at which the 
UCS was administered. The latter was 
particularly noticeable with an ISI of 
200 msec., where all latency means 
exceeded 200 msec. There was some 
suggestion that asymptotic mean latency 
with a particular ISI was influenced only 
negligibly by prior experience with other 
ISIs, although adequate tests for this 
were precluded since there was an 
overall latency decrease throughout the 
1200 training trials. 

By applying Logan's (1956) micro- 
molar analysis to eyelid conditioning, 
Boneau (1958) interpreted different CR 
latencies as different responses, with 
reinforcement presumed to have oc- 
curred when latency was sufficiently 
short to result in puff avoidance. While 
our data do not permit the deduction 
that blinks of different latencies are 
different responses, we agree with Boneau 
that reinforcement in classical eyelid 
conditioning is contingent, in part, upon 
the amount of time separating the CR 
and UCS events. The temporally ap- 
propriate location of the CR with respect 
to UCS onset and the increased density 
of individual latency distributions result- 
ing with extensive training strongly sug- 
gest a kind of instrumental shaping in 
which the kinesthetic and tactual feed- 
back from each CR-UCS outcome plays 
an important role. Such an interpreta- 
tion, it should be noted, is consistent 
with the theoretical interpretations of 
conditioning provided by Birch and 
Bitterman (1949), Perkins (1955), and 
Jones (1961). 

If the assumption is made that the 
eyelid response is shaped through д 
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reinforcement contingency based in part 
on the CR-UCS interval, then an inter- 
pretation of the function relating CR 
frequency and ISI can be made: the ISI 
function should reflect the efficiency with 
which S is able to maximize the CR-UCS 
reinforcement contingency. Аз 1515 
increase beyond 500 msec., the accom- 
panying increase in the variance of S's 
latency distribution should result in a 
reduction of reinforcement, and, con- 
sequently, a reduction in response fre- 
quency. Though the variance of the 
latency distribution is small with short 
(200 msec.) ISIs, the effectiveness of a 
CR will be reduced since Ss are ap- 
parently unable to make an eyelid CR 
with a latency of much under 180 msec. 
Consistent with past data (Kimble, 
1947), therefore, frequency of CR would 
be expected to reduce rapidly with ISIs 
shorter than 200 msec. The optimum 
range of ISIs would be that in which it 
is possible for S to make a CR before 
UCS onset and also in which it is 
possible for S to make the CR with a 
rather precise time discrimination. 
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A TEST OF THE "UNITS HYPOTHESIS” EMPLOYING 


WAVE-LENGTH GENERALIZATION IN 
HUMAN SUBJECTS? 


DAVID R. THOMAS лхо RICHARD H. HISS? 


Kent State University 


An experiment was performed to test 2 hypotheses suggested by 
Mednick and Freedman (1960) concerning the role of the number of 
intervening test stimuli in determining generalization decrement. 3 
different groups of 20 female college students viewed a monochromatic 
light of 530 ту. (green) for 60 sec. and then were subjected to 9 different 
random series of wave lengths, with instructions to respond only to the 
original color. Group 1 was tested for generalization with the series 
520-540 mu. in 5-ти. steps; Group П received 510-550 mz. іп 10-ти. 
steps; whereas Group ПІ received 490-570 ma. in 20-my.steps. In agree- 
ment with Mednick and Freedman it was found that the more stimuli 
intervening between the CS and the test stimulus the greater the gener- 


alization decrement. 


Contrary to their position, however, the physical 


size of the stimulus unit was also found to be a significant factor. 


Early experiments in the area of 
Stimulus generalization (e.g., Gibson, 
1939: Hovland, 1937; Humphreys, 
1939) often employed stimulus values 
selected on the basis of a jnd scale. 
On the other hand most of the more 
recent studies have employed physical 
Stimulus dimensions, measured di- 
rectly in terms of size, brightness, 
wave length, or similar units. This 
trend continues despite the fact that 
many recent studies have shown that, 
at least as far as human Ss are con- 
cerned, physical stimulus differences 
alone are not sufficient to account for 
generalization effects. Ап example is 
Provided by the work of Mednick and 
Freedman (1960) who have shown the 
number of stimuli employed in testing 
for generalization to be an important 
determiner of generalized response 
Strength. They postulate that the 
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amount of generalization is propor- 
tional to the number of stimulus units 
that separate the test stimulus from 
the original one. Оп this basis, 
Mednick and Freedman suggest that 
(a) for a given physical distance from 
the CS the greater the number of 
intervening stimuli employed the 
greater the generalization decrement, 
and (b) a stimulus value one (two, 
three, etc.) units removed from the 
CS will produce the same decrement 
no matter what the physical size of 
the unit. 

The purpose of the present study 
was to test these two hypotheses 
employing human Ss in a wave- 
length generalization situation. The 
procedure employed was that ori- 
ginally developed by Kalish (1958) 
and was subsequently used in a 
number of studies in our laboratory 
(Thomas & Jones, 1962; Thomas & 
Lanier, 1962; Thomas & Mitchell, 
1962). 

METHOD 
Subjects.—The Ss were 60 undergraduate 


women selected from introductory psychology 
courses at Kent State University. 
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Apparatus.—Vhe study employed a Skin- 
ner-type key pecking apparatus, modified for 
use with human Ss. The box was approxi- 
mately 15 in. long, 14 in. wide, and 11 in. 
high, and was painted flat black. "The front 
wall of the box was made of transparent 
Plexiglas so that Ss could clearly view the 
pecking key. The 5 sat іп a chair approxi- 
mately 24 ft. from the key, which was а 
circular plastic disc į in. in diameter. lllumi- 
nation was provided by a Cambridge Ther- 
mionic Corporation monochromator, Model B 
Series 1066, equipped with an Olympus Model 
201250 6-v. 5-amp. light source. The patch 
of color on the key was approximately 4 mL. 
in luminance. The only other light in the 
room was a 7.5-w. “night light" on E's side 
of a black cloth screen separating S from E. 
A telegraph key was used as the manipulan- 
dum. This key was placed on the table next 
to the experimental box, within easy reach 
of S's right hand. It was wired so that its 
release would activate a signal light on E's 
side of the screen, thus signifying a response. 
The box was equipped with an electrically 
operated shutter which interrupted the 

monochromator beam when E threw a switch. 

Procedure—The 60 Ss were unsystemat- 
ically divided into three groups of 20 Ss each. 
The treatment of the three groups was 
similar with the exception that different sets 
of values were used in the test for generaliza- 
tion. All Ss received the following in- 
structions: 


This is an experiment in color perception. 
At the beginning of the experiment a specific 
color will be presented through the small 
hole in front of you. Try to keep this color 
in mind because you will be asked to 
identify it later. After 1 min. this color 
will be turned off and you will place your 
finger and press down on the telegraph key 
in front of you. Г will give the signal 
"ready" and a few seconds later a color will 
be again presented. You must decide 
whether this is the original color shown you 
at the start of the experiment. If it is, lift 
your hand as rapidly as you can from the 
key. If it is not, keep pressing on the key. 

I will say the word "ready" whenever I 
am about to present a color and you should 
be pressing the key at that time. We are 
going to try some practice trials. Now we 
are going to run through a series exactly as 
we would if this were the real experiment. 


At this point E exposed 600 my. for 60 sec. 
and then presented 610, 590, 600, and 580 mp. 
Now we are going to begin the experi- 
ment. Remember, try to keep the original 


color in mind and respond as quickly as you 
can, lifting your finger only when the 
original color appears. Any questions? 


The E's reading of the instructions to S 
was interrupted at the designated time for 
the practice series. If S appeared to have 
understood the instructions and had no 
further questions, the standard stimulus 
(530 mp., a middle green) was exposed for 60 
sec. Then nine randomized series of four test 
stimuli plus the standard were presented. 
Each test stimulus was presented for a period 
of 3 sec. and was followed by a blackout of 
5 to 10 sec., allowing sufficient time for E 
to record the presence or absence of a response 
and change the monochromator setting. 

For each group five test stimuli were used, 
the original stimulus апа two wave-length 
values on each side of the original. For 
Group I the test stimuli were 520, 525, 530 
(the standard stimulus), 535, and 540 my. 
Thus, the size of the stimulus unit for Group I 
was 5 ma. For Group ЇЇ the size of the 
stimulus unit was 10 my. The values used 
were 510, 520, 530 (the standard stimulus), 
540, and 550 ти. For Group IIT the stimuli 
were spaced 20 my. apart. The test values 
490, 510, 530 (the standard stimulus), 550, 
and 570 my. were employed. 


RESULTS AND DISCUSSION 


The generalization gradients of the 
three experimental groups are shown 
in Fig. 1. These curves were gen- 
erated by plotting the mean number 
of responses made during the gen- 
eralization test against the wave 
length of the test stimuli. It may be 
seen that all groups show decremental 
gradients with greatest response 
strength to the original stimulus value. 
The relative importance of wave 
length and number of stimulus units 
may be determined by inspection of 
Fig. 1. If wave length were the sole 
determiner of generalized response 
Strength the three curves would 
coincide for those stimulus values for 
which measures are available for com- 
Parison. The four stimulus values 
510, 520, 540, and 550 ma. are the ones 
of interest, ]n this case of all four 
values a comparison may be made 
between the mean number of re- 
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Fic. 1. Stimulus generalization. as а 
function of wave length with size of stimulus 
unit as parameter. 


Sponses emitted by two groups, each 
experiencing a different number of 
Stimulus units between that value and 
the standard stimulus value. 

For the stimulus value 510 ти. the 
Mean number of responses given by 
the 10-my. group was 1.10 compared 
to 3.45 for the 20-ти. group. This 
difference is significant, /(38) = 2.72, 
P < 01. For the value 520 mz. the 
5-ти, group gave a mean of 3.45 
responses compared to a mean of 3.95 
responses for the 10-ти. group. For 
the value 540 my. the 5-ти. group gave 
à mean of 2.15 responses compared to 
3.10 for the 10-ти. group. These 

ifferences, although in the predicted 
irection, fail to achieve statistical 
Significance, For the stimulus value 
550 mu. the 10-тд. group gave 0.15 
Tesponses compared to 1.30 responses 
'n the 20-my. group. This difference is 
Significant, #(38) = 2.88, р < 01. 
us, all four comparisons are in the 
expected direction; the greater the 
Number of stimulus units a given 
Wave length is removed from the 


original stimulus, the less the gen- 
eralized response strength. 

The data presented in Fig. 1 in- 
dicates that the number of stimulus 
units involved must be considered in 
the prediction of generalized response 
strength. The suggestion by Mednick 
and Freedman (1960) that the number 
of stimulus units is the sole determiner 
of generalized response strength may 
best be evaluated with reference to 
Fig. 2. In this figure, mean number of 
responses is plotted as a function of 
the number of stimulus units from the 
standard, with size of stimulus unit as 
parameter. If the size of the stimulus 
unit made no difference, that is, if the 
number of stimulus units were the sole 
determiner of generalized response 
strength, then the three curves would 
coincide. Clearly this is not the case. 

The data in Fig. 2 were subjected 
to an analysis of variance. The result 
was a significant F for unit size, 
F(2,57) = 17.89, p < .01; number of 
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function of number of stimulus units, with 
size of stimulus unit as parameter. 
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stimulus units, 7(4,228) = 47.40, 
p < .O1; and Number of Units X Size 
of Unit interaction, /(8,228) = 4.09, 
p < .01. Of particular interest is the 
significant interaction between num- 
ber and size of stimulus units. This 
indicates that the number of responses 
given to a stimulus one unit removed 
(or two) from the standard varies with 
the physical size of the unit. It 
should be noted that the F for stimu- 
lus units in this analysis does not 
indicate the significance of stimulus 
units independent of differences in 
wave length, since the two are 
confounded. 

Regarding the postulated equivalence 
of stimulus units of differing size Med- 
nick and Freedman (1960) report that 
this equivalence tends to break down at 
the ends of the continuum being tested. 
Inspection of Fig. 2 reveals that over the 
range of unit size employed in this study 
(5-20 mp.) there was no evidence to 
indicate that units of differing physical 
size were behaviorally equivalent. Thus, 
although the evidence gathered in this 
study supports the first hypothesis 
offered by Mednick and Freedman 
(1960), it fails to support the second one. 
In agreement with the present experi- 
ment, a study by Gewirtz, Jones, and 
Waerneryd (1956) also demonstrated 
that number of stimulus units taken 
alone is not the sole determiner of 
generalization. That study employed 
physical units (visual angle) which 
differed in size from one group to the 
next, and the gradients obtained were 
clearly not equivalent. In fact, in that 
experiment the group with the smallest 
size of stimulus unit produced the steep- 
est gradient, a surprising finding which 
is explained by the fact that the region 
of the visual field to which $ is most 
sensitive was employed with this group. 

As a result of this study, we conclude 
that with human Ss neither the physical 


difference nor the number of stimulus 
units separating a generalization test 
stimulus from the original will adequately 
account for generalized response strength, 
but rather that both must be taken into 
account in order for an accurate pre- 
diction to be made. This study adds to 
the growing body of evidence which 
indicates that in human Ss stimulus 
generalization is not simply a function 
of the physical stimulus differences be- 
tween the CS and the novel test stimulus. 
A more complete interpretation requires 
that various psychological determinants 
must be taken into account. 
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EFFECTS ОЕ TRANSFER 


IN DISJUNCTIVE CON CEPT 


AND PROBLEM STRUCTURE 


FORMATION ! 
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Yale University 


3 studies dealt with the attainment of disjunctive concepts. 
positive instances of disjunctive co 


The 


ncepts contain either Values A or B, 


while conjunctive concepts are those whose positive instances contain 
both A and B. The former are typically more difficult to attain. The 


Ist experiment showed that 
increases the proporti 
conjunctive concept 15 а 


inclusive (А or B or both) and e 
The latter were 


junctive problems. _ 
of the time to solution. 


Several recent studies have in- 
vestigated the influence of the “logical 
Structure" of the concept on the 
process of concept formation. Con- 
cept formation studies have typically 
used conjunctive concepts, in which 
all positive instances contain a com- 
mon combination of elements (e.g. 
red circles); and relational concepts, 
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training on disjunctive concept problems 
tion of Ss who offer a disjunctive concept when a 
Iso available. 
xclusive (A or B but not both) dis- 
found to be more difficult in terms 


The 2nd experiment compared 


in which a certain relation (e.g., 
equal to) is common to the positive 
instances. Bruner, Goodnow, and 
Austin (1956) also used a disjunctive 
concept, one which states that an 
instance is positive if it has either of 
two elements (e.g., red figures ог 
circles). They concluded that for 
their Ss, disjunctive concepts were 
more difficult to attain than con- 
junctive concepts. Hunt and Hov- 
land (1960) found that when con- 
junctive, relational, and disjunctive 
concepts were equally correct solutions 
to the same problem, very few Ss 
offered disjunctive solutions. It is 
assumed that in such a choice situa- 
tion the frequency of each type of 
solution is a measure of its relative 
difficulty. 

The present research explored some 
of the factors involved in the difficulty 
of disjunctive concepts. In this 
discussion, following Hovland (1952), 
a “dimension” will denote a way in 
which the instances can vary (color; 
shape; etc.), and the "value" of a 
dimension denotes the state of that 
dimension for a given instance (red ; 
square; etc.). 

One explanation of the difficulty of 
attaining disjunctive concepts would 
be that each of the positive values of 
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such a concept is found in some, but 
not all, of the positive instances. In 
the case of a conjunctive concept, on 
the other hand, both positive values 
appear in all of the positive instances. 
Thus the proportion of positive in- 
stances which contain each positive 
value is different for the two types of 
concepts. But Bruner et al. (1956) 
and Hunt and Hovland (1960, 1961; 
see also Hovland, 1960) have sug- 
gested that prior experience in learn- 
ing certain kinds of concepts may also 
be a factor in the greater difficulty of 
disjunctive concept learning, and in 
Ss’ lack of preference for disjunctive 
solutions. Training on disjunctive 
concept formation might then be 
expected to transfer to a choice prob- 
lem for which either a conjunctive or a 
disjunctive concept is possible. The 
first experiment reported below was 
designed to test the prediction that 
such transfer would increase the 
Proportion of Ss who choose the 
disjunctive solution on a choice 
problem. 

The disjunctive concepts described 
above and used in earlier studies have 
always been of the “inclusive” variety. 
That is, an instance is positive if it 
has either Value A or Value B or both. 
It is also possible to specify an “ех- 
clusive disjunctive” concept, in which 
positive instances are those which 
contain either Value A or Value B but 
not both. The second experiment 
reported below was designed to deter- 
mine which of the two types of 


disjunctive concepts is more difficult 
to attain. 


EXPERIMENT I 
Method 


Design.—There were two experimental 
groups, E2 and E4. The Ss in these groups 
were given a series of training problems, for 
which the only correct solutions were disjunc- 
tive concepts, followed by a choice problem 
which could be solved by either a conjunctive 


or a disjunctive concept. The Ss in Group E2 
received two training problems, followed bya 
choice problem, then two more training prob- 
lems and a final choice problem. Those in 
Group E4 received four training problems fol- 
lowed by a choice problem. Each Sin Groups 
E2 and E4 was given a preliminary choice 
problem at the beginning of the experiment, 
which provided a way of insuring the com- 
parability of the groups and of assessing the 
Prior tendency to select conjunctive and 
disjunctive concepts. 

To control for the effects of warm up and 
exposure to the stimuli, a control group was 
given a series of eight different choice prob- 
lems. The order of problems was varied ina 
Latin square design. The same eight choice 
problems were also given to different Ss in 
Groups E2 and E4. In each experimental 
group Ss could then be compared with control 
group Ss at the appropriate point in the 
sequence of problems. А 

Problems and stimuli.—On each choice 
problem there were 12 "learning instances, 
from which Ss formed a concept. Six of these 
learning instances were positive examples. of 
both the conjunctive and the disjunctive 
concept. The other 6 were negative instances; 
that is, they were not examples of either 
concept. After forming a conjunctive or a 
disjunctive concept on the basis of these 
learning instances, S was required to apply hi 5 
concept to a set of 12 ''test instances." Six 
of the test instances were positive instances 
of the conjunctive concept but negative 
instances of the disjunctive concept. In the 
other 6 the situation was reversed. The S 
was asked to identify the 12 test instances as 
positive or negative according to the concept 
he had formed on the learning instances, Тһе 
test instances which he identified as positive 
provided a measure of the concept S had 
formed. 

Disjunctive training problems could be 
solved only by a disjunctive concept. Again 
there were 6 positive and 6 neg; 
instances. On disjunctive trair 
the 12 learning instances were 
test instances in the sorting pro 

Instances were drawn in ink on 3 X5 in. 
cards. On each card there were four num- 
a horizontal row. Each 
d a dimension. In each 


ative learning 
ning problems 
later used as 
cedure. 


ension on thatinstance. The 
triangles, circles, and squares 
equal size. Thus there were 
of three values each. Con- 
cepts always involved two different figures 
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(values), each in a different position (di- 
mension). For example, a conjunctive 
concept might be “Circle in Position 1 and 
triangle in Position 3.” On choice problems 
the conjunctive concept involved two of the 
positions and the disjunctive concept in- 
volved the other two. Positive instances were 
always called “Alpha cards" and negative 
instances were called *Not-Alpha cards." 
Control and experiment group Ss were 
matched in terms of the dimensions which 
were relevant on the various problems. 

Subjects —The Ss were 72 college fresh- 
men, 26 men and 46 women, recruited from 
introductory psychology classes at the Uni- 
versity of Bridgeport. They were randomly 
assigned to experimental conditions. 

Procedure.—The Ss were seen individually 
in 45-min. sessions. Each S was seated at a 
small table across from the E. He was told 
that he would be asked to find the difference 
between Alpha and Not-Alpha cards. He was 
instructed to state a rule or a set of rules 
Which could later be used to sort out a shuffled 
set of cards into Alpha and Not-Alpha cate- 
gories. ‘The dimensions and values of the 
cards were explained. 

All 12 cards were then placed on the table, 
Alpha cards on S's right, and Not-Alphas on 
the left, The S could rearrange the cards if 
he wished. All Ss were allowed 10 min. on 
each problem. After S had stated his rule, 
all the cards were taken up and S was given a 
shuffled deck of 12 cards to sort out by apply- 
ing his rule. . | 

The first choice problem functioned in 
Dart as a screening device, since pretests had 
indicated that few Ss who failed to solve it 
would finish in the time available. Sixteen Ss 
Were dropped for failure to find any adequate 
rule on the first problem. In addition, 7 5s 
assigned to the two experimental groups who 
gave adequate but nonconjunctive rules on 
the first problem were dropped, after it had 
been found that all Ss in the control group 
gave conjunctive rules. Seven other Ss m 
dropped from the experimental groups for 
failure to solve two consecutive disjunctive 
training problems, since it was not ad- 
ministratively feasible to keep them longer. 
(Any selective bias introduced by dropping 
from the experimental groups those Ss who 
could not attain disjunctive concepts would 
appear to be balanced by having dropped 
those who did not give conjunctive solutions 
оп the first problem. But in addition, the 
major analyses of the data were repeated 
assuming the inclusion of these 7 Ss in the 
experimental groups, and assuming on their 


part conjunctive solutions to the critical 
choice problems. Essentially the same results 
were found.) 

If S sorted according to the conjunctive 
concept on the first problem E said "Okay, 
that's the idea." The Ss in the control group 
were told that on subsequent problems E 
would not tell them whether or not they were 
correct. In the two experimental groups, on 
the other hand, the Ss were told after every 
correct disjunctive sorting, "Okay, that's 
right." 


Results 


The principal comparison is that of 
the experimental groups on the critical 
(second) choice problem with the 
control group on a corresponding 
choice problem. The major depen- 
dent variable was derived from Ss’ 
sorting of the test instances. The 
data may be analyzed in terms of the 
number of Ss in each group who sort 
the test instances in a purely con- 
junctive, purely disjunctive, or mixed 
fashion. Table 1 presents a chi square 
analysis of these frequency data. The 
results of the first, second, and fourth 
comparisons should be interpreted 
somewhat conservatively in view of 
the small expected frequencies in some 
of the cells. However, it is clear that 
both Groups E2 and E4 differ from 


TABLE 1 


NUMBER OF Ss SORTING CORRECTLY 
By EACH Concert 


Con- | Dis- | 
Group junc- | junc- | Mixed x 
tive | tive 
Control 23 0 1 
E2 (second choice 12.874** 
problem) 12 4 8 
Control 24 0 | 0 14.270** 
E4 13 7 4 
E2 (second choice 12 4 8 
problem) | 2.192 
Е, 13 7 4 
| | 
Control 24 0 0 
E2 (third choice 12.632** 
problem) | 14 4 6 
i 
акр <.01. 
FD < 001. 
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the control group, but that there is 
not a significant difference between 
E2 and E4. 

The most obvious effect of disjunc- 
tive training was to produce a shift 
away from conjunctive solutions. 
This effect may be tested by com- 
paring the frequency of conjunctive 
solutions with the combined fre- 
quencies of disjunctive and mixed 
solutions for each group. For Group 
E2 vs. the control group, x*.(1) 
= 10.549; p < .005. For Group E4 
vs. the control group, x*.(1) = 11.794; 
p < .001. However, the two experi- 
mental groups do not differ from each 
other (x2, = zero). 

e major prediction may be 
tested by comparing the frequency of 
disjunctive solutions with the com- 
bined frequencies of conjunctive and 
mixed solutions. On such a compari- 
Son, Group E4 differs from the con- 
trol group, X^(1) = 6.021; p < .02, 
but Group E2 does not, x*.(1) =2.455; 
p > .10. 

It appears that disjunctive training 
also results in an increase in mixed 
Solutions. If the frequency of mixed 
solutions is compared with the com- 
bined frequencies of conjunctive and 
disjunctive solutions, Group E2 differs 
from the control group, x*.(1) = 4.923; 
b < .05, but Group E4 does not, 
X*(1) = 2.455; $ > .10. Again the 
two experimental groups do not differ 
from one another, х0): = 1.000; 
p> 25. 

А somewhat more sensitive analysis 
is also possible. Six of the test 
instances could be correctly identified 
as Alpha by the conjunctive concept, 
the remaining six by the disjunctive, 
A composite score was assigned to 
each S, based on the difference be. 
tween the number of disjunctive and 
the number of conjunctive test in- 
Stances which he identified as Alpha, 
The composite score represents an 


index of "disjunctivity." The Scores 
of Ss in each experimental group were 
separately compared with those of the 
control group at a corresponding point 
in the sequence of problems. Groups 
E2 and E4 were compared on their 
respective critical problems, which 
were given at different stages of 
training. Since the distributions of 
Scores were distinctly nonnormal, 
ranked data were analyzed by the 
Mann-Whitney U test, corrected for 
the number of tied ranks (Siegel, 
1956, pp. 116 ff.). This analysis in- 
dicated that both experimental groups 
were more disjunctive than the control 
group. (For Group E2 vs. the control 
group, U = 426;z = 3.639; p < .0002. 
For Group E4 vs. the control group, 
U = 420; z = 3.709; p< .0002.) 
However, the two experimental 
groups do not differ from each other 
(U = 301.5;3= 0.303; p > .38). The 
distributions of scores suggest that 
any difference between Groups E2 
and E4 must be concentrated in the 
scores of those Ss who do not sort the 
cards on a purely conjunctive basis. 
A comparison of the “nonconjunctive”’ 
Ss in the two experimental groups 
shows that there is a nonsignificant 
tendency for those in Group E4 to be 
more disjunctive in their sorting than 
those in Group E2, U(11,12) 242,5; 
critical U for P = .05 is 38.0. The 
control group may be used as a 
baseline by dropping any experi- 
mental group Ss who have the same 
Score as a control group S (G Sin 
Group E2). The results are similar 
(U = 37.0; critical U = 34.0). Tt 
should be pointed out that either 
estimate of the difference is probably 
somewhat conservative. Since the 
number of cases is too small to convert 
U to z, it is impossible to correct for 
the number of tied ranks. 

It is also of interest to examine the 
verbal rules or concepts offered by 
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55. Two judges independently scored 
the concepts with 100% agreement. 
Table 2 presents the data on verbal 
rules. If the frequency of disjunctive 
rules is compared with the combined 
frequency of conjunctive and mixed 
rules, both experimental groups differ 
from the control group. For the 
comparison of Group E2 with the con- 
trol group, x&(1) = 10.232; p < .01. 
For the comparison of Group E4 with 
the control group, x^(1) = 11.794; 
b « .001. Groups E2 and E4 did not 
differ from one another. Inspection 
of Ss' rules indicates that those whose 
rules were scored disjunctive but who 
Sorted the cards in a mixed fashion 
mentioned more than two values in 
their rules (e.g., “Alphas have a circle 
in Position 2 or squares in 3 and 4"). 

Comparisons of the third choice 
problem of Group E2 with the cor- 
responding choice problem of the con- 
trol group (seventh problem) are 
presented in Tables 1 (sorting) and 2 
(rules). There is practically no differ- 
ence between the second and third 
choice problems for the E2 Ss in the 
number of disjunctive and mixed 
Choices. In terms of ranked sorting 
Scores for all Ss there is no significant 


TABLE 2 


Nuwnzn or Ss GIVING RULES JUDGED 
СомуомстіуЕ, DISJUNCTIVE, MIXED 


Con- | Dis- |. ы 
H junc- | junc- | Mixed x 
Group ds tive 
Control 23 | 9 | ! | 13 700% 
2 (second choice 10 2 à 
problem) 12 
4.2700" 
Control 24 o ous 
Ee S 13 п 0 
E2 (second choice | 12 | 10 | 2 2.088 
Problem) 13 TI 0 
Control 24 | 0 | 0 Кс 
E2 (third choice " ч 
problem) 14 : $ 
**p < 01. 


* р < 001. 


difference between the third choice 
problem in E2 and the second choice 
problem in E4, both of which were 
given after four disjunctive training 


problems (U = 3260, = = 0.871, 
p» 18). 

EXPERIMENT П 
Method 


Problems and stimuli.—Three inclusive 
disjunctive (D1) and three exclusive dis- 
junctive (D2) problems were used. Each D1 
problem was matched with a D2 problem in 
terms of relevant dimensions and positive 
values. The stimuli were the same as the 
distributed stimuli used in Exp. I and II. 

Design.—Each .S solved one D1 problem 
and one D2 problem. The two types of 
problems were given in counterbalanced order 
to different Ss. The first and second problems 
given to any S always had one relevant 
dimension in common. The problems were 
given in sequences such that no matter which 
problem (D1 or D2) came first, the same 
change in relevant dimensions occurred be- 
tween the first and second problems. For 
example, if the relevant dimensions on the 
first problem were Positions 1 and 2, those on 
the second problem were 1 and 3; this was the 
case whether a D1 or a D2 problem came 
first. Six different sequences of problems 
were used. 

Subjects.—Twelve Yale undergraduates, 
recruited from first-yr. psychology classes, 
served as Ss. The Ss were randomly assigned 
to the six sequences of problems, 2 Ss to each 
sequence. They were seen in individual 
sessions lasting from 20 to 40 min. No Ss 
were dropped. 

Procedure.— The procedure was essentially 
the same as that in Exp. I, as were the in- 
structions to Ss.  Time-to-solution scores 
were taken on each problem, and were used 
as the dependent measure. 

In several cases Ss working on D2 prob- 
lems took an inordinate amount of time 
without stating any concept, or none which 
did not reduce to memorization. If S had 
worked on a problem for 15 min. without 
having stated a concept or located at least one 
positive value, E rearranged the Alpha cards 
so that the three containing one positive value 
were grouped together, and the other three 
formed another grouping. For none of the 4 
Ss thus instructed did this procedure lead to 
an immediate solution; they took an addi- 
tional 102 to 499 sec. before offering an 
adequate rule. 
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Results 


Since all Ss worked both kinds of 
problems, in counterbalanced order, 
the principal dependent measure is the 
difference between S’s time on the D2 
problem and his time on the D1 
problem. In all 12 cases the difference 
(D2 minus D1) was positive. It is 
therefore concluded that the D2 prob- 
lems were more difficult (p < .001, 
sign test). Moreover, there was no 
overlap between times on the two 
kinds of problems. 

It is also possible to evaluate 
transfer or order effects. The median 
time scores in sec. on D1 and D2 
problems, respectively, were 202.5 
and 1111.5 for those Ss who received 
a D2 problem first, but 143.0 and 
770.5 for those who received a D1 
problem first. It would appear that 
solution of D2 problems was facili- 
tated when they occurred last, but 
that this was not so for D1 problems. 
This effect is also reflected in the 
median difference scores for the two 
problem-order groups: 1042.0 for 
those who received a D2 problem first 
but 528.0 for those who received a D1 
problem first. The Mann-Whitney 

U test was applied to the ranked 
difference scores for the two (problem- 
order) groups, and indicated that the 
differential transfer effect was almost 
significant, U(6)—6.0; p=.064. This 
may reflect in part a tendency for 
more facilitation to result from an 
easy-to-hard order. 


Discussion 


The results of Exp. I indicated that a 
moderate amount of training on dis- 
junctive concept problems increases the 
probability that Ss will offer the dis- 
junctive solution to a problem for which 
a conjunctive solution is also possible. 
It appears unlikely that the preference 
for conjunctive concepts is solely a 
function of the relative proportion of 


positive instances which contain 
positive values of cach concept. 
Previous (extraexperimental) learning 
may account in part for the initial 
difficulty of disjunctive concept prob- 
lems. On the disjunctive training prob- 
lems Ss apparently learned something 
about the methods of solution appro- 
priate for disjunctive concepts. These 
methods may be incompatible to some 
extent with those which are appropriate 
for conjunctive solutions. A number of 
Ss remarked that the disjunctive training 
problems had forced them to adopt the 
strategy of searching a single dimension 
at a time across all the cards. The 
conjunctive solution, on the other hand, 
demanded that Ss notice the joint 
occurrence on each card of a pair of 
values on different dimensions. Several 
Ss developed the habit of scanning the 
Not-Alpha cards to determine which 
values were missing. They would then 
state that no Not-Alpha card contained 
either Value A or Value B. This strategy 
allows S to escape noticing the more 
frequent occurrence of the conjunctive 
values in the Alpha cards. It has been 
found that Ss are initially less inclined 
to focus on negative instances than on 
positive instances (Bregman & Hovland, 
1961), and that the information con. 


the 


Veyed by negative instances is less 
efficiently utilized (Hovland & Weiss, 
1953). Bruner et al. (1956) have sug- 


gested that efficient solution of dis- 
junctive problems depends upon the use 
of negative instances, It may be that in 
Some cases training functioned to modify 
prior habits of focusing exclusively on the 
positive instances, 

The most striking effect of disjunctive 
training was a shift away from con. 
Junctive concepts, What appeared to 
distinguish the two experimental groups 
Оп their respective critical choice prob- 
lems was the increase from E2 to E4 in 
the efficiency with which 56 formulated 
the disjunctive solution. However, with 
the amount of training used in this study, 
this was not a significant difference, 

The behavior of Ss in Group E2 on the 
third choice Problem deserves comment. 
The amount of training preceding this 
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problem was the same as that preceding 
the second choice problem in Group E4. 
But the results on this problem more 
nearly resemble those on the second 
choice problem in Group E2, although 
none of the differences was significant. 
It is possible that the second choice 
problem, for those who offered a con- 
junctive solution to it, broke the dis- 
junctive "set" established on the first 
two training problems. : 

Ап objection which might be raised 
against Exp. I is that Ss in the experi- 
mental groups were merely learning that 
E expected them to offer a disjunctive 
Solution. They might, therefore, have 
found both solutions but have given only 
the disjunctive. Two observations sug- 
gest that this was unlikely. Several Ss 
in the experimental groups who found 
the conjunctive solution on a critical 
Choice problem expressed surprise and 
pleasure as they stated the concept. 
The Ss who gave the disjunctive solution 
to their final problem were again shown 
the array of learning cards, and were 
asked if they could find any other answer. 
None of them stated the conjunctive 
concept immediately, but when they had 
found it they too commented that the 
Conjunctive concept was a "better" or 
“more natural” solution. 

The results of Exp. II indicated that 
Ss take more time to find the solution to 


exclusive disjunctive (D2) problems 
than to inclusive disjunctive (D1) prob- 
lems. On D2 problems, Ss appeared to 
have most difficulty accounting for the 
presence on the Not-Alpha side of cards 
containing both positive values. 
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2 groups of rats were trained to traverse a straight 
patterns of partial reinforcement 


reinforcement. 


alley under identical 


; à 3rd group received consistent 
Both partial groups received intertrial reinforcements, 


one following nonreinforced trials preceding reinforced ones, the 2nd 


following reinforced trials preceding either reinforced 


ones. 
group, while the 2nd 
ment effect. 


One of the most direct and powerful 
means available for testing the several 
Propositions which comprise Hull's 
(1952) aftereffect hypothesis is to 
prevent the aftereffect of nonrein- 
forcement from becoming conditioned 
to the instrumental response. Shef- 
field (1949) attempted this by utiliz- 
ing a spaced-trial procedure. А 
Similar attempt was made here by 
employing an experimental procedure 
termed intertrial reinforcement. Тһе 
intertrial reinforcement procedure and 
the experimental design are described 
below. 

The intertrial interval which 5 
usually spent in a neutral waiting box 
was sometimes divided into two equal 
intervals, only the initial half of which 
was spent in the waiting box. The 
remaining half of the interval was 
spent by S in the goal box where it 
was placed directly ; ie., S did not run 
into the goal box but, rather, was 
placed there by E. On such place- 
ment or intertrial reinforcement trials 
the goal box was always baited with 
food. For one partial group (PN) the 
intertrial reinforcements were given 
following nonreinforced runway trials 
which preceded reinforced ones, and 
never following any other trial. The 
intertrial reinforcements of the second 
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or nonreinforced 


The Ist partial group was not more resistant than the consistent 
partial group showed the typical partial reinforce- 


partial group (PR) were given follow- 
ing reinforced runway trials which 
preceded either reinforced or non- 
reinforced runway trials. А con- 
sistently reinforced group (C) re- 
ceived the same number of intertrial 
reinforcements as did each of the 
partial groups. 

The relevance of the present experi- 
ment to Hull's hypothesis can now be 
indicated. Hull assumed that non- 
reinforced trials occasion distinctive 
aftereffects. These stimuli may per- 
sist until the following trial, and they 
become conditioned to the instru- 
mental response only on reinforced 
trials. Under partial reinforcement 
the aftereffects of nonreinforcement 
are conditioned to the locomotor 
response on reinforced trials preceded 
by nonreinforced ones. In extinction 
only the aftereffects of nonreinforce- 
ment occur. Since these stimuli have 
been directly conditioned to the in- 
strumental response under partial 
training but not under consistent, 
resistance is expected to be greater in 
the partial group. 

If intertrial reinforcement modifies 
or interferes with the aftereffect of 
nonreinforcement, substituting for it 
the aftereffect of reinforcement, it can 
be expected that Group PN will not 
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be more resistant to extinction than 
Group C because Group PN's inter- 
trial reinforcements are given follow- 
ing all nonreinforced trials which 
precede reinforced ones. Thus, stimuli 
characteristic of nonreinforcement do 
not have the opportunity to become 
conditioned to the instrumental re- 
sponse in Group PN. Group PR, 
which is a control for the effects of 
intertrial reinforcement, should, of 
course, show the typical partial rein- 
forcement effect of increased resist- 
ance to extinction. In this group, the 
intertrial reinforcements are not given 
following nonreinforced trials and, 
therefore, stimuli characteristic of ex- 
tinction should be directly conditioned 
to the instrumental response just as 
they are in the typical partial rein- 
forcement situation not employing 
intertrial reinforcement. 


METHOD 


Subjects—The Ss were 21 female and 15 
male experimentally naive albino rats from 
the colony maintained by the Psychology 
Department, the University of Texas. The 
Ss were approximately 100 days old at the 
beginning of the experiment. E 

A pparatus.—The apparatus was а straight- 
alley runway with an overall length of 8 ft. 
and width of 4 in., enclosed by 9-in, high sides. 
It was constructed of wood and painted gray. 
The goal area, covered with hinged, j-in. 
hardware cloth, was separated from the 
remainder of the runway by a painted, sheet 
metal guillotine door located 1 ft. from the 
extreme distal end of the alley. Mounted 
side by side on runners to the right and 
extreme distal end of the goal area were two 
identical-appearing, 3 in. wide X 41 in. long 
compartments which could be moved into 
Position noiselessly. On a particular trial S 
had access to only one of these compartments, 
the other being both inaccessible and hidden 
from S's view. One compartment was baited 
with a wet mash and used on rewarded trials. 

“he remaining unbaited compartment was 
used on nonrewarded trials. The alley 
Portion of the runway was covered with 
hinged, J-in. thick Plexiglas. Running speed 
was measured by a Standard Electric timer. 


Placing S on a treadle resting over a 


microswitch in the floor of the alley and 
positioned at the extreme proximal end of the 
alley started the clock. The clock was 
stopped when S interrupted a photobeam 
located 4 in. from the extreme distal end of 
the runway. It can be seen that the com- 
partments described above were so placed 
and the position of the photocell was such 
that 5 could not determine whether or not the 
trial was to be reinforced prior to the time the 
photocell beam was broken. The distance 
from the tip of the treadle to the light beam 
was 7 ft. The entire apparatus was painted 
gray. A box 11} in. square and 12 in. deep, 
resting on 20-in. high legs, and painted en- 
tirely black served to contain S between 
trials. 

Preliminary training.—On Days 1-3 55 
were housed in large cages in groups of 4 or 5. 
On each of these days, as on each succeeding 
day of the experiment, Ss were fed a vitamin- 
supplement diet of wet mash for 1 hr. in the 
home cage. On Day 4 Ss were placed in 
smaller individual cages. On Days 4-9 Ss 
were handled on a large table for 1 hr. per day 
in groups of 6 or 7. The groups were handled 
successively rather than concurrently. On 
each of these days, wet mash was available on 
the table and .S was fed in the home cage 
immediately following the termination of the 
handling period. On Day 10 Ss were handled 
as usual; however, feeding time on the table 
was reduced by 30 min. On Day 11 each 5 
explored the unbaited runway alone for 5 min. 
Following the exploratory training, S was 
fed for 10 min. on the table and then returned 
to the home cage where it was immediately 
fed for 1 hr. On Day 12 each $ was hand- 
placed in the baited goal box of the runway. 
Each placement lasted 30 sec. with 30 sec. 
spent in the neutral waiting box elapsing 
between placements. Since this training was 
given to insure that S would eat during the 
intertrial reinforcements of the experimental 
phase, a training criterion was adopted. Each 
S was to be given a minimum of five place- 
ments and training would continue until S 
had eaten in at least three placements. Only 
1 S required more than five placements to 
reach the criterion; that S required seven 
placements. 

Experimental training.—At the end of 
Day 12, 7 male and 5 female Ss were assigned 
to each of the three groups of 12 Ss each. 
One S from the C group died during the 
course of the experiment. The data for this 
S were discarded. Each group received 3 
days of acquisition training and 2 days of 
extinction training, 10 trials per day. A trial 
was begun by placing S on the treadle. When 
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TABLE 1 


REINFORCEMENT SCHEDULE AND INTERTRIAL 
REINFORCEMENTS OF THE PARTIAL Groups 


Trial 
D: 
vi 1 2 3 4 5 6 7 8 9 10 
“i |S RUN NW Nee ee N+RXR 
2 [NER R КХМ N NGRXR ХЕ 
3 | RXR N NERXNRXN NS 


S interrupted the photobeam, the guillotine 
door was lowered. The 5 was confined to the 
goal box for 15 sec, following each run. The 
intertrial interval, spent in the waiting box, 
was 30 sec. On intertrial reinforcement trials, 
S spent only the initial 15 sec. of the 30-sec. 
intertrial interval in the neutral box. The 
remaining 15 sec, was spent in the baited 
goal box where 5 was placed by E. At the 
termination of the intertrial reinforcement 
trial, S was immediately brought forward to 
the start portion of the runway, and the next 
trial was begun. 

Group C was rewarded with a wet mash 
following each run. The 50% schedule under 
which Groups PR and PN were trained is 
shown in Table 1, the letter R representing 
a reinforced trial, the letter N, a nonrein- 
forced one. The symbol + indicates the 
Position in the series at which Group PN's 
intertrial reinforcements were given, the x, 
those of Group PR. Notice that both groups 
received the same daily and total number of 
intertrial reinforcements and over days the 
ordinal or trial position of the intertrial 
reinforcements was the same for both groups, 
with Group PN's intertrial reinforcement 
occurring following nonreinforced trials pre- 
ceding reinforced ones and Group PR's fol- 
lowing reinforced trials which preceded either 
reinforced or nonreinforced ones. One-half 
the Ss of Group C received intertrial rein- 
forcements following the same trials each day 
аз Group PN and the remaining half following 
the same trials each day as Group PR. 

Following the 3 days of acquisition training, 
extinction training, which consisted of 10 
nonreinforced trials Per day on each of 2 
consecutive days, was begun. If an 5 failed 
to enter the goal box within 120 Sec., it was 
removed from the alley for the 30-sec. inter- 
trial interval, assigned a time Score of 120 
sec., and then given the next trial. The goal- 
box confinement period remained at 15 sec, 
in extinction. 


RESULTS 
A Kruskal-Wallis (Siegel, 1956) 
one-way analysis of variance on the 


sum of the running times on the 10 
trials of the last day of acquisition 
indicated that the groups did not 
differ reliably, x'(2) = .79. The mean 
time in sec. on the last 10 trials was 
for Group C, 9.13, for Group PN, 
9.09, and for Group PR, 8.98. The 
mean number of trials required by 
each group to run as slow or slower 
than 25 sec., 50 sec., or 75 sec. in 
extinction are presented in Table 2. 
In the event that an S failed to meet a 
particular criterion, a trial score of 21 
was assigned. Since it is reasonable 
to suppose that a trial score of 21 
underestimates the true mean, sta- 
tistical comparisons between Group 
PR and the remaining groups at the 
50-sec. criterion and between Groups 
C and PN and Groups PR and PN 
at the 75-sec. criterion probably 
underestimate the actual magnitude 
of the differences. Since the means of 
both Group C and PR may be under- 
estimated at the 75.sec. criterion, 
these groups were not compared sta- 
tistically at this point. 

Analyses of variance on the means 
of the various criteria indicated that 
the groups differed significantly at 
the 25-sec. criterion, F(2,32) = 5.72, 
P <.01; at the 50-sec. criterion, 
F = 5.50, р < .01; and at the 75. 


TABLE 2 


MEAN NUMBER Or TRIALS REQUIRED to Run 
AS SLOW OR SLOWER IN EXTINCTION THAN 
THE INDICATED CRITERION AND 
PERCENTAGE oF Ss MEETING 
THE CRITERION 


Criterion 
Group 25 Sec. 50 Sec. 75 Sec. 
Trials % | Trials % | Trials % 
E 4.91 | 100 7.45 | 100 |14.09 64 
PN | 7.25 100 | 8.50 | 100 10.08 | 100 
PR | 9.42 100 |14.33| 75 17.92] 42 
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sec. criterion, F = 5.27, р < .02. Ap- tion Group С ran faster than Group 


plication of an extension of Dun- 
can's multiple range test to group 
means with unequal numbers of 
replications (Kramer, 1956) to the 
individual means at the various 
criteria indicated that at the 25-sec. 
criterion only the difference between 
Groups PR and C was significant 
(b < .05), while at the 50-ѕес. cri- 
terion Group PR differed significantly 
from Group С (p < .01) and from 
Group PN (p « .05), and at the 75- 
Sec. criterion only the difference be- 
tween Group PR and PN (p « .01) 
was reliable, Thus, Group PN failed 
to manifest greater resistance than 
Group C at any of the criteria, while 
Group PR showed the typical partial 
reinforcement effect of increased re- 
Sistance to extinction at the 25-sec. 
and 50-sec. criteria. 

Figure 1 presents the mean running 
times in extinction for Day 1 and 
Day 2 in blocks of two trials. On the 
whole, Group PN ran slightly more 
rapidly than Group C in the early 
extinction trials, but later in extinc- 


TIME (SEC) 


Е: — 6 
o--—-- PN 
e------e PR 


DAY 2 
gx ae t 


г 2:51 5 


BLOCKS OF 2 EXTINCTION TRIALS 


Fic. 1. Running speeds during extinction. 


PN. Group PR ran faster than Group 
PN throughout extinction and, with 
the exception of the final block of 
trials, faster than Group C throughout 
extinction. А Kruskal-Wallis test 
employing the sum of the Day 1 
running times yielded x?(2) — 6.39, 
which is significant beyond the .05 
level. Subsequent Mann-Whitney {7 
tests indicated that Group PR differed 
from Group C well beyond the .05 
level, U(11,12) — 28, and from Group 
PN at the .05 level, U(12,12) — 37. 
The difference between Group PN and 
C was not significant. 

The Kruskal-Wallis test performed 
employing the Day 2 running times 
yielded x?(2) — 4.77, which is in- 
significant (p < .10). Subsequent U 
tests indicated that Groups PR and 
PN differed at the .05 level, U(12,12) 
— 37. Neither of the two remaining 
differences was significant. 


DISCUSSION 


The major results of the present ex- 
periment seem to be these. Group PN 
was not more resistant to extinction than 
Group C, while Group PR was signifi- 
cantly more resistant to extinction than 
either Group C or PN. The relatively 
rapid extinction of Group PN is ascribed 
to a failure of the aftereffect of non- 
reinforcement to become conditioned to 
the locomotor response due to the inter- 
fering properties of intertrial reinforce- 
ment and, therefore, these results are 
taken to support the Hull-Sheffield hy- 
pothesis. 

The present results might be con- 
sidered as quite unexpected in view of an 
experiment by Katz (1957). In that 
experiment, somewhat similar in design 
and conception to the present one, results 
were obtained which are in apparent 
disagreement with those reported here. 
Katz trained rats so that trials in one 
runway alternated with trials in a 
second runway. One group of rats was 
given partial reinforcement in the first 
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runway and consistent in the second 
(P-C), a second group was given con- 
sistent reinforcement in the first runway 
and partial in the second (C-P), while a 
third group was consistently reinforced 
in both runways (C-C). АП groups were 
given extinction training in the second 
runway. Group C-P was most resistant 
to extinction, followed by Group P-C 
and, finally, Group C-C was least 
resistant to extinction. In the Katz 
experiment the reinforcement designed 
to interfere with the aftereffect of non- 
reinforcement (Group C-P) was ad- 
ministered in a goal box which differed 
from the one in which the aftereffect of 
nonreinforcement was originally occa- 
sioned in terms of length, color, and other 
physical Properties. In the present 
experiment the intertrial reinforcement 
was administered in the same goal box 
in which the aftereffect of nonreinforce- 
ment was occasioned. It would appear, 
therefore, that the effectiveness of an 
intervening reinforcement in modifying 
the aftereffect of nonreinforcement is a 
function of the stimulus similarity which 
obtains between the original reinforce- 
ment situation and’ the interpolated or 
interfering situation, 

The intertrial reinforcement Procedure 
with respect to Group PN is similar to 
the typical delay of reinforcement pro- 
cedure. These Procedures are similar, 
of course, in that under both 5 initially 
enters an empty, i.e., nonbaited, goal 
box, and following а waiting period is 
there reinforced without having again 
to execute the instrumental response. 
However, under the delay procedure S 
spends the entire waiting period in the 


goal box, while under the intertrial 
reinforcement procedure only a portion 
of the waiting period is spent in the goal 
box, the remainder of the wait occurring 
in the intertrial interval box. That the 
present results can be understood in 
terms of the similarity between the two 
procedures seems unlikely, however. 
Delayed reinforcement on some portion 
of the acquisition trials (Crum, Brown, 
& Bitterman, 1951) as well as a com- 
bination of delayed and partial reinforce- 
ment (Peterson, 1956) give rise to greater 
resistance to extinction as compared with 
consistent reinforcement. Group PN, of 


Course, was not more resistant than 
Group C. 
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of various additional cues on performance of a 
task, a verbal cue group was Seniheantly 
and transfer trials to a control group. Both 
ere superior to the control but individually 


In comparing the effects 
compensatory tracking 
superior in final training 


visual and auditory cues W 


none of the 
earlier results suggeste 
transfer when they functione 
and develop standards of pe 


action. 


resent study 


It was the aim of the p 
dding differ- 


to compare the effects of а 
ent types of cue to the primary display 
11 learning compensatory tracking 
tasks, and to evaluate their effective- 
ness for training purposes on the basis 
Of the resultant performance during 
transfer tests when these cues were 
Temoved. 
While a nu 
deau, 1952; Goldstein 
1954; Houston, 1947; Morin & Gagné, 
1951) have shown that augmenting 
Cues which are coincident oF Syn. 
Chronized with the primary cue an 
More convenient to use than the 
Primary cue materially improve Per 
Ormance on training tests, this 1m- 
Provement is lost in transfer tests. А 
Noncoincident types of cue in which 


mber of studies (Bilo- 
& Rittenhouse, 


se differences was significant. 
d that augmenting cues were most effective in 


d to reward desirable patterns of behavior 
rformance rather than to guide immediate 


Comparison of these with 


it should be noted that the results of 
Reynolds and Adams were not con- 
firmed by Archer, Kent, and Mote 
(1956) and Archer and Namikas 
(1958). 

Tt 38 r apparent, then, that the 
differential effects of coincident and 
noncoincident augmenting cues on 
transfer trials are not clear-cut. The 
present study investigates this prob- 
lem further using a verbal delayed 
feedback cue, and visual and auditory 
coincident type cues. 


METHOD 


Subjects and Apparatus 


The Ss were 60, paid, volunteer, right- 
handed male college students. 
The apparatus consisted of three maj 
" oi 
arts: (a) S's control and display suut 
(b) an electronic gating system and recording 


Info Ё ning performance i 
is rmation concer ki F a trial or unit, and (c) a tracking course generator and 
provided at the €" may Бе timing control. 
à ay " " 
elayed in some other way This has The S's control consisted of a potenti- 
effective in transfer tests. is ometer controlled by a smooth round knob 
and Ritten- ц in. in diameter set in a small console. The 


ееп shown by Goldstein 


house (1954), Reynold and Adams 


4 
display consisted of a Dumont 304-A cathode 
ray oscilloscope whose tube face was covered 


S wever = 
(1953), and Smode (1958) Ноу ! byan отайше В on which were inscribed 
а thin vertica ines $$ in. apart. Th = 
Mor. 2 rt of a program ^ ae art. e center 
eui This research was e with the United line W hich represented the target reticle was 
et out under contr we Center, Port somewhat deeper and wider than the other 
ates Naval 1 raima d is described in lines so that ghen the CRT face was illumi- 
Washington, New York, @ nated from the rear, the center line was seen 
ліса] Report m its as a markedly brighter white line than the 
M E nivers! 
ow at Purdue 75 
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other lines. Apart from a central horizontal 
slit 155 in. wide, the tube face was blanked 
off and was surrounded by a large matte 
gray panel. A Dumont 5-ADP-11 short 
Persistence CRT was used in the oscilloscope. 

The cursor consisted of a blip on the tube 
face 4 in. in diameter. The control-display 
relationship was such that 32° of control 
knob movement Produced 1 in. of cursor 
displacement. 

The visual augmenting cue was provided 
by placing two vertical red lines j in. thick 
a distance of +.25 in. on either side of the 
target reticle. 

The electronic gating system and the 
recording unit consisted of 15 channels in 
which high speed counters cumulated the 
time that tracking performance lay within 
the range of each channel. From two of these 


channels time-on-target information was 
obtained. Two additional gating circuits 
controlled the auditory cue. 


The latter 
consisted of an 800-cps tone fed into a headset 
and sounded whenever S's error was within 
+.25 in. from the target line. For a more 
detailed description of the gating system, the 
reader is referred to Karlin (1961). 

The tracking course generator was de- 
signed to control the duration of a trial (36 
sec.), the interval during which scoring took 
Place (the last 30 sec.), the appearance of the 
cursor at the beginning of a trial and its 
removal at the end of a trial, and the pres- 
entation of the tracking input signal. The 
latter consisted of a simple sine wave having 
a frequency of 10 cpm with a second and 
third harmonic of half the amplitude of the 
fundamental superimposed upon it; and this 

zontal path along 
the CRT face, This section of the apparatus 


is described in greater detail by Karlin and 
Mortimer (1961). 


Procedure 


assigned to each 
onditions and to 
Ї the experiment. 
the display and 
his right hand. 
r compensatory tracking 

S to counteract the 


movements of the cursor and 
maintain it on the target line. 


Each S was scheduled for 5 
days. On Days 1-3, .Ss in the experimental 
groups received 15 learning trials with 
augmenting cues, and on Day 4 they received 
20 transfer trials during which the augmenting 
cue was not presented. The Ss in the control 


consecutive 


group received the same trial sequence but 
augmenting cues were not provided at any 
time. Although data were collected for 4 
days, Ss were scheduled for 5 days in order 
to minimize possible end-spurt effects. 

A trial began when the cursor appeared on 
the screen of the oscilloscope and ended when 
it disappeared from the screen. Each trial 
lasted a total of 36 sec., the last 30 sec. only 
being scored. An intertrial interval of 30 
sec. was used. . 

Instructions were read to each .S prior to 
data collection. The Ss in the visual aug- 
menting feedback group were instructed to 
the effect that the arca between the two red 
lines defined а zone of minimally acceptable 
performance but that the .S's aim should be 
to keep the cursor on the target reticle. The 
Ss in the auditory group received similar 
instructions with respect to the auditory cue. 
The Ss in the verbal cue condition were given 
a score at the end of cach learning trial which 
they were told could range from 0-1500 and 
Which was a direct function of the time for 
Which they had maintained the cursor within 
some minimally acceptable error zone about 
the target reticle, On Day 4, the experi- 
mental groups were told that the augmenting 
cues would not be present. 

At the beginning of each trial the control 
knob was at its maximum counterclockwise 
Position. All Ss wore headphones throughout 
the experiment. The experimental room was 
dimly illuminated. A fan was used to provide 
masking noise. The oscilloscope was given a 
minimum warm-up time of 1 hr. and the 
cursor was checked for alignment prior to 
data collection of any S. 


ResuLTS 


For each 5 on each 
within scoring toler. 
obtained. This is de 
within an error of Æ.25 in. about the 
target reticle, Integrated error scores 
were also obtained but since they 
yielded quite similar results only the 
former score is reported. 

Figure 1 shows that the groups 
differed consistently from each other 
on learning and transfer trials with the 
Verbal being Superior to the visual, 
auditory, and control groups, in that 
Order. A simple variance analysis 
was made of the data plotted in Fig. 1. 


trial, time 
ance (sec.) was 
fined as the time 
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TIME WITHIN SCORING TOLERANCE (SEC.) 


' му 
Fic. 1. Mean time within tolerar 
from the mean of the last 
The first and second days yielded 
nonsignificant Fs of 1.79 and 2.72 
while the third and fourth days 
yielded Fs of 3.88 and 2.95 which were 
significant at the .05 level. The 
within-groups MSs, each based on 56 
df, were used as error estimates for the 
above and were, respectively, (in 


TABLE 1 
Duncan RANGE TEST OF MEAN DIFFERENCE 
BETWEEN CUES ON TIME WITHIN 
‘TOLERANCE IN SEC. FOR 
Days 3 AND 4 


Mean Difference 


Comparison —<——— a 
Day 3 Day 4 
eo >. 98 
Verbal-Visual E 32* 
Verbal-Auditory 2055 2p 


/erbal-Control 


Visual-Auditory .60 1 a 
Visual-Control 1.30 “eh 
Auditory-Control -70 20 


3 


nce by day for each group. 
five trials for each $ and averaged over 15 Ss.) 


Verbal 
Visual 


Auditery 


Control 


(Each point was obtained 


squared sec.) 9.58, 8.97, 5.41, 7.88. 
These values show that individual 
differences diminished over the 3 
training days and tended to rise some- 
what on the fourth or test day. 

Comparisons between individual 
means made by means of a Duncan 
range test (Edwards, 1960) are shown 
for Days 3 and 4 in Table 1. Note 
that the verbal group was significantly 
superior to the auditory and control 
groups in the last day of training and 
maintained this superiority in the 
transfer trials. 


DISCUSSION 


The results show that the noncoinci- 
dent verbal cue was more effective than 
the coincident visual and auditory cues 
in all trials. Itis possible that the verbal 
cue in not specifying a fixed tolerance 
limit for acceptable performance may 
have encouraged S to set himself more 
stringent and in some way more ap- 
propriate tolerance widths than were 
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given by the visual and auditory cues. 
More specifically, the total score given 
at the end of a trial by the verbal cue 
may have helped S to define more 
effective standards of performance which 
varied with the stage of practice. 

The presence of reference marks in the 
primary cue may have made possible 
this more effective use of the verbal cue 
at the same time that it minimized the 
importance of the visual and auditory 
cues. That the structure of the primary 
cue may be important in determining the 
role of augmenting cues is suggested by 
the fact that Goldstein and Rittenhouse 
(1954) using similar verbal and auditory 
augmenting cues in the Pedestal Sight 
Manipulation Test (PSMT) found that 
the verbal cue was inferior to the audi- 
tory cue during training. The primary 
ranging cue in the PSMT which is a 
pursuit tracking task is notably difficult 
to discriminate and lacks the reference 
marks provided in the present com- 
pensatory tracking task. 

The present results may be compared 
to those obtained by Smode (1958) who 
also used a compensatory tracking task. 
He studied the effects of low- and high- 
level knowledge of results. 
condition corresponded a 
our verbal condition. In his high-level 
condition he used discrete visual and 
auditory cues consisting of relay clicks 
and lights which counted each .5 sec. 
of cumulated time on target. Our audi- 
tory cue in a sense was more informative 
(since it was continuous and could be 
used to monitor performance at every 
instant) yet measured relative to the 
performance of the verbal group in each 
study, his auditory cue produced superior 
results. Nevertheless, these findings are 
not in conflict if we recognize that all of 
Smode's cues are essentially noncoinci- 
dent cues. In comparison with the 
present study his results suggest that the 
efficacy of augmenting cues in the two 
types of task is mainly a result of their 
motivating properties as incentives and 
their help in defining standards of per- 
formance. For example, it is hy- 
pothesized that the clicks of Smode's 
study rewarded staying longer on target 


His low-level 
pproximately to 


since they counted cumulative on-target 
time while the continuous cues of the 
present study may not have done this as 
well if at all. 

These considerations may help to 
resolve the apparent conflict of results 
obtained in two other studies of augment- 
ing feedback. Reynolds and Adams 
(1953) used auditory clicks at various 
intervals of delay to augment the prim- 
ary cues of a pursuit rotor task and 
obtained positive results both for the 
effectiveness of delay as a variable and 
for the augmenting cue in general. 
Archer and Namikas (1953), interested 
primarily in the delay of feedback vari- 
able, tried to replicate this study except 
that they used a continuous tone instead 
of clicks as the augmenting cue. They 
obtained negative results and concluded 
that "delay of information feedback is 
not an effective variable." Bilodeau and 
Bilodeau (1961) in a recent review seem 
to agree with this conclusion. On the 
basis of the present analysis we would 
suggest that the failure to confirm the 
results of Reynolds and Adams was due 
to the change from a discrete to a con- 
tinuous type of cue. It is felt that this 
change, contrary to the expectation of 
Archer and Namikas, may have reduced 
or eliminated the desirable incentive or 
reinforcing properties of the original cue 
and in this way reduced the effectiveness 
of feedback delay asa variable. Whether 
their augmenting cue was completely 
ineffective cannot be definitely deter- 
mined since being interested only in the 
influence of varying delay in feedback 
they did not use a control group as did 
Reynolds and Adams. 

On the basis of this discussion, then, 
we would conclude that augmenting cues 
are most effective in transfer w 
function as incentives and in defining 
standards of performance; they are least 
effective in this respect when their major 
function is to provide information for 
guiding immediate action (Miller, 1953). 

One other question of interest concerns 


hen they 


the consistently poorer performance of 
the auditory cue compared with the 
visual cue. 


There is enough evidence 


here to warrant further research although 
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these two cues differed in other respects 
so it is not possible at this point to 
attribute any difference specifically to a 
modality factor. 
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STABILITY AND ADAPTATION OF SOME MEASURES 
OF ELECTRODERMAL ACTIVITY IN CHILDREN ! 


NORMAN L. CORAH Ахр JOHN A. STERN 


Washington. University School of Medicine 


Measures of electrodermal activity in children, skin resist: 


ance levels 


and spontaneous fluctuations, made during rest and during tone 
stimulation were related to each other and to the conditions under 
which they were obtained. The results indicate that the resting meas- 
ures are fairly reliable over time although they both showed the effects 


of adaptation, 


and they are influenced by the amount and type of prior 


activity. These measures showed significant but low relationships with 
each other. Orienting responses to tone stimulation tended to show the 
effects of adaptation from stimulation in a previous session. 


This report is concerned with an 
analysis of two measures of electro- 
dermal activity (EDA): resting skin 
resistance level and spontaneous 
fluctuations. The level of skin resist- 
ance presents few problems for con- 
jecture in the present study since it 
has been shown to adapt in the 
laboratory (Duffy & Lacey, 1946), 
adaptation being manifested by in- 
creases in skin resistance. 

The other measure has been re- 
ferred to by various authors as 
"spontaneous activity" or "spontane- 
ous fluctuations" (Burch & Greiner, 
1960; Lacey & Lacey, 1958; Stern, 
Stewart, & Winokur, 1961). Spon- 
taneous fluctuations (SF) are here 
defined as electrodermal fluctuations 
which are not related to specific 
experimentally induced stimulation. 

The adaptability of the SF measure 
and its relationship to levels of skin 
resistance activity is subject to some 
controversy. Lacey and Lacey (1958) 
have expressed the viewpoint that 
spontaneous activity arises from phy- 

1 This work was supported, in part, by a 
research grant B 2449 from the National 
Institutes of Health, Public Health Service. 
The authors wish to express their thanks to 
Helen McMahon and Deborah Onken for 


their assistance in the collection and analysis 
of the data. 
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sicochemical processes at the level of 
localized cell aggregates and is not 
merely responsivity to undetected 
external and internal stimulation, 
However, they do consider spon- 
taneous activity as responsivity to 
“more generalized aspects of environ- 
mental demand" (p. 201). Their 
rationale for the conclusion that this 
activity is not related to specific 
responses centers around its reliability 
over time, the lack of significant 
adaptation obtained in their studies, 
and its low or insignificant relation- 
ship with levels of skin resistance. 
The present authors would take the 
position that spontaneous fluctuations 
are responses to unknown stimuli, and 
as such, should show the usual effects 
of adaptation of autonomic measures. 
There are probably intraindividual 
differences in the number of SFs seen 
at "rest," However, under conditions 
of sleep or anesthesia we would sus- 
pect that SF would be reduced to 
zero in all Ss. It would be expected 
that the amount of activity would 
decrease as adaptation progresses ; 
i.e., skin resistance should increase 
and SF should decrease. We would 
also predict that SF should correlate 
significantly with the number of 
orienting responses obtained to specific 
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stimuli if SF indicates responsivity of 
the electrodermal mechanism to stim- 
ulation. Stern et al. (1961) have 
demonstrated significant relationships 
between SF during tone stimulation 
and the number of orienting responses 
given to the tone. The present study 
differs from the earlier one in that it 
studies the same parameters in chil- 
dren as well as measuring the reli- 
ability of these measures. 


METHOD 


and ecis Tyer four children, 12 boys 
Ой girls, between 7 and 8 yr. of age were 
Аш ained from a school near the laboratory. 
i additional 12 boys and 12 girls who were 
alo E as controls in an anoxia study were 
E used. This second group was also 7 yr. 
Age. All children and their parents were 
Paid for their participation. 
T Procedure.—KEach child was brought into 
e laboratory and asked to rest in a hospital 
ен Recording electrodes were attached to 
Е 1756 and third fingers of the right hand. 
oe electrodes were made of zinc, ap- 
р oximately 15 mm. in diameter, backed with 
e cement and were taped over corn pads 
ed with electrode jelly. ‘This method was 
(Тш from one recommended by Lykken 
Wm. The EDR recorder utilized а 
Р eatstone bridge with constant current 
Supplied through the 5 (Grass 5 P1F pre- 
Amplifier), The output of the bridge was fed 
into a dc chopper-type amplifier and con- 
tinuously recorded on a Grass polygraph. 
Each child was instructed to rest without 
moving. He was told that he would oc- 
‘sionally hear sounds coming from the 
Speaker located approximately 10 in. over 
ìs head. First, a 10-min. recording of 
Testing activity was made. Then, a series of 
tones was presented over a period of 
SPproximately 15 min. Тһе tones were 
Produced by an Eico-Audio generator. The 
: Nes (500 cps, 27 db. above a background 
Noise level of 40 db. spl) were all б sec. in 
ration. The intertrial interval was varied 
М between 20 and 60 sec. іп 10-sec. 
‘eps. However, the interval between a 
Sven pair of trials was the same for all Ss. 
AS tone stimulation was followed by another 
ing period of 5 min. duration. 
rs he first group of 24 Ss repeated the 
Wu dure 24 hr. after their first experience 
i All of these Ss appeared to be fresh 


and rested when they came to the laboratory. 
Half of this group, 6 boys and 6 girl followed 
the above procedure on 2 successive days 
(Group 1B). The other 12 Ss (Group ТА) 
received no tone stimulation on the first day 
and merely rested for 30 min. They recei ed 
the regular procedure on their second day. 

The second group of 24 Ss (Group 11) from 
the anoxia project were subjected to the 
regular procedure on only one occasion. In 
addition, the procedure was carried out after 
these Ss had been involved in 23 hr. of 
neurological, psychiatric, and psychological 
examinations on the same day. 

The following measures were obtained: 

1. Skin resistance. Levels of "apparent 
skin resistance" were taken at the end of 
each 2 min. of rest during the initial resting 
period and at the end of the third and fifth 
min. of the final resting period. However, 
some judgment was employed in taking these 
measures. If spontaneous fluctuations or 
movement-induced changes occurred at the 
end of the interval, the resistance was taken 
from the point just prior to this activity. 
The average resting resistance was the 
measure used. In addition, the resistance 
immediately prior to tone stimulation on 
Trials 5, 10, 15, and 20 was recorded and 
averaged for Groups 1А and IB. 

2. Spontaneous fluctuations. All fluctua- 
tions of 1,000 ohms or greater were tallied 
for each 2 min. of rest. The average number 
of SFs for the 2-min. periods was used for 
The number of SFs between trials 


analysis. 


of tone stimulation was tallied for Groups IA 
IB. 


The average number of SFs per 
min. the measure used. 

3. Orienting response to tone. The 
measure consisted of the number of tone 
presentations to which an orienting response 
was given between 1 to 3 sec. (range) after 
initiation of the tone stimulus. The deflection 
had to be of an amplitude of 1,000 ohms or 
greater in order to be counted as a response. 
This measure was obtained for Groups ТА 


and IB. 


and 


RESULTS 


Stability of the measures.— These 
data were available from Groups IA 
and IB. All of the correlations 
presented are product-moment cor- 
relations. The correlation for average 
resting resistance between the first 
and second days was .86. The 
correlation for average number of 
SFs during rest on the 2 days was .61. 
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Within session data were available 
from the sessions on the second day. 
The correlations were .95 between 
average resting resistance and average 
intertrial resistance during tone stimu- 
lation, and .88 between average 
number of resting SFs and average 
number of intertrial SFs. All of these 
coefficients are significant beyond the 
.01 level. 


Relationships among the measures. 


AND JOHN A. STERN 


TABLE 2 
PRODpUCT-MOMENT CORRELATIONS (N = 24) 
BETWEEN THE NUMBER OF ORIENTING 
RESPONSES TO TONE STIMULATION 
AND THE OTHER MEASURES 
or Activity 


No. Orienting Responses 
to Tones 
Resting Measures 


Group I | Group IA—Day 2 
—Day 2 | Group IB—Day 1 


The correlations between levels of 
skin resistance and SF are presented 
in Table 1. It may be noted that the 
only nonsignificant correlation ob- 
tained was in Group II. 

The relationships between the re- 
Sponses to specific stimuli (orienting 
responses given to tone stimulation) 
and the other measures are given in 
Table 2. It should be noted that the 
combination of measures on which the 
correlations in the second column are 
based is a result of the fact that 
Group IA did not receive tone stimu- 


TABLE 1 
Propuct-Moment CORRELATIONS (N = 24) 
BETWEEN LEVELS OF SKIN RESISTANCE 
AND SF 


Day 1 


Group I 
I — — ——— 


Group II 
J " | 35 
No. Resting | No. Resting 
SF SF 


Resting Measures 


Resting resistance co Be —.33 


Day 2 


Group I 
pre MÀ € 
No. | Intertrial] No. 


Resting Measures 


Resting | Resist- |Intertrial 
SF ance SF 
Resting resistance |—.46*| .95** | 55++ 
No. resting SF =т= Де 
Intertrial resistance —,64** 
*b <.05 
FED < .0: 


Intertrial resistance | —.35 —.53** 
No. intertrial SF .86** .80** 
Resting resistance |—.38 —.44* 
No. resting SF ae oot 
жр = |05 
eb 0 


lation until the second day. The SF 
measures are consistently and signifi- 
cantly related to orienting responses 
to tone stimulation. 

Adaptation of the autonomic meas- 
ures.—The data for the resting meas- 
ures are presented in Table 3. Both 
level of resistance and SF show 
significant adaptation effects from the 
first to the second days for Group I. 
In addition, the average number of 
SFs for the final resting periods (last 4 
min. of each session) are presented for 
Group I. This difference is just short 
of significance at the .05 level. 

The hypothesis that the effects of 
the preceding activities for the chil- 
dren in the anoxia project influences 
their autonomic measures was tested 
by comparing the resting measures for 
the first day from Group I with those 
from Group II (see Table 3). At 
of 242 (df = 46, p = .05) was ob- 
tained for differences їп average 
resting resistance of the two groups. 
A tof 1.57 was obtained for differences 
n average number of SFs which is not 
Significant although the difference is 
in the predicted direction. 

It was hypothesized that the effects 
of prior tone stimulation would be 
Such as to increase the rate of adapta- 
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TABLE 3 


SUMMARY or Dara USED To TEST THE EFFECTS OF ADAPTATION 
or THE REsTING MEASURES 


Group 1 Group I Group II 
Day 1 Day 2 Day 1 
Resting Measures 
Mean SD ГЫ Mean SD ЫШ Mean SD 
Resting resistance (ohms) | 241,851 | 81,261 | — 275,330 | 97,446 | 3.20** | 194,134 | 74,840 
No. resting SF 1087 | 639 | — | 7.32 | 4.96 |2.87** | 13.83 | 6.66 
Vo. final resting SF 11.65 7.29 | — 9.08 6.67 |2.02 


Note.—N = 24. 
ax © test for correlated means. 
*p = O01. 


tion of the orienting responses to tone 
in the second set of trials. Hence, 
Group IB should show more rapid 
adaptation to tone stimulation on the 
Second day than should Group IA. 
The results plotted by trials are 
llustrated in Fig. 1. 

The hypothesis was tested by 
Comparing the number of orienting 
responses to tone from the two groups. 

he data are presented in Table 4. 
Since the response tended to show 
relatively rapid adaptation under all 
conditions, the tests were also carried 


% SUBJECTS SHOWING RESPONSE 


out for the number of responses in the 
first 10 trials only. The only result 
which is statistically significant is the 
change from Day 1 to Day 2 for 
Group IB although Fig. 1 shows a 
trend for Group IA to fall between the 
Day 1 and Day 2 results from Group 
1B. It must be noted that the size of 
each group is only 12 Ss. Table 4 
clearly indicates that the distributions 
are markedly skewed. However, non- 
parametric tests calculated on the 
data yielded essentially the same or 
lower levels of probability. 


o--—0 Group I A -- Day 2 
e——9 GroupIB -- Day! 
O-—-OGroupIB-- Day2 


TRIALS OF TONE STIMULATION 


Percentage of each group responding to tone stimulation. 


Fic. 1. 
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TABLE 4 


TESTS OF THE Ej 


ECTS OF PRIOR EXPE 


IENCE WITH TONE STIMULATION 


UPON THE ADAPTATION OF ORIENTING RESPONSES TO TONE 


Day 1 | Day 2 | 
No. of ORs to Tone |- | € — 1 
| Mean SD Mean SD 
During 20 trials _ 
= 8.25 4.20 5.92 4.59 1.82 
Group IB (x = 12) IB ebay 1 
Group IA (z = 12) — — 7.17 6.46 .58 
During first 10 trials 
5.33 2.53 3.17 2.69 2.48* 
Group IB 5 IB Doy 1 
— — 3.83 3.38 1.23 
Group IA IB Sy 2 
.53 
*pb = ‚05 БЕР: 
Discussion 


The data suggest that while resting 
measures of skin resistance and SF are 
fairly reliable over time, they show 
adaptation to particular situations and 
procedures. Hence, it can be expected 
that Ss will maintain their relative ranks 
on these autonomic measures at least 
when the measures are taken under 
resting conditions. 

The adaptation effect found for SF in 
the present and earlier studies (Stern et 
al., 1961) is not consistent with Lacey 
and Lacey's (1958) formulation concern- 
ing spontaneous activity as an intra- 
cellular effect which remains stable 
within the individual. Lacey and Lacey 
have demonstrated such stability when .S 
is allowed to rest for a 20-min. period 
prior to recording such SFs. Under our 
experimental conditions, Ss rested for 
approximately 10 min. prior to initiation 
of recording. These procedural differ- 
ences might be invoked to account for 
the differences in the results obtained. 
However, the differences between the 
final resting SF, recorded at least 35 min. 
after S had begun to rest, from the first 
to the second day reaches the .06 level 
of significance. This result seems to be 
sufficient to warrant the retention of our 
conclusion. 

Our results also indicate that the level 


of autonomic activity obtained in a 
given experimental session is influenced 
by factors external to the specific 
situation. The results from Group II 
suggest that activity occurring prior to 
the laboratory situation will influence the 
level of autonomic activity obtained in 
the laboratory. 

Although the predicted trends con- 
cerned with differential adaptation of the 
orienting response to tone stimulation 
were present, they were not all significant. 
The small size of the groups has already 
been mentioned as one possible con- 
tributing factor. Another factor may be 
the intensity of the tone used. Com- 
parison of the present results with others 
from our adult laboratories suggests that 
the children adapted more rapidly. The 
intensity of the tone above background 
noise is somewhat less than that used 
with the adults (c.f. Stern et al., 1961) 
and might thus be a contributing factor 
to the more rapid adaptation. 

The writers tend to think of the meas- 
ures used in this study as reflecting 
"activation" or the "drive state" of the 
individual (Malmo, 1959). That the 
frequency of SFs can be experimentally 
manipulated, and that they further are 
related to "alertness" as produced by 
pharmacological agents, has been demon- 
strated by Burch and Greiner (1960). 
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. That the resting level of skin resistance 
is also affected by the level of “activa- 
tion” is beyond doubt. As Ss go from 
wakefulness to sleep, there is a marked 
increase in skin resistance; as Ss are 
exposed to experimental stressors there 
are concomitant decreases in skin resist- 
ance. In the present study, these two 
Measures of activation demonstrated 
Statistically significant, though relatively 
low, relationships in two out of three 
Comparisons made. In previous in- 
vestigations using adult Ss, we similarly 
found these two measures to be nega- 
tively though not significantly correlated 
with each other. The scatter plots in 
these earlier studies, involving larger 
Samples than the present study, in- 
dicated that at low levels of skin resist- 
ance SF could fluctuate markedly be- 
tween Ss, some showing few, others many 
SFs. Why the correlations are higher 
9r our population of children as com- 
Pàred to young adults is unclear. 

у In view of the relatively low correla- 
tions obtained between skin resistance 
and SF it would seem that these two are 
tapping different aspects of electrodermal 


activity. Further research is needed to 
clarify the similarities and differences in 
these measures. 
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PERFORMANCE IN DIFFERENTIAL CONDITIONING AS А 
FUNCTION OF VARIATION IN MAGNITUDE 
OF REWARD 


HENRY GOLDSTEIN asp KENNETH W. SPENCE 


State University of Iowa 


4 groups of rats designated Grou 
a differential conditioning exp 


(white and black alleys). 
within an S occurred in g 
in Ss given no reward on | 


showed that the function relating 
large- and small-reward discrimi 


Employing abstract theoretical con- 
structs (intervening variables) ini- 
tially inferred on the basis of the 
empirical laws of classical and 
strumental conditioning, 
theories of Hull 
(1956, 1960) are 


in- 
the learning 
(1952) and Spence 
subsequently tested 
by deriving new implications concern- 
ing further phenomena to be expected 
either in these same situations or in 
more complex types of selective 
learning. While considerable progress 
has been made in this theoretical 
program, much remains to be accom- 
plished. Especially deficient in the 
basic conditioning theory is lawful 
knowledge concerning the effects of 
differential reinforcement within a 
single S. Most of the studies of the 
variables known to determine response 
strength in conditioning have involved 
simple rather than differential condi- 
tioning. In simple conditioning 
periments the effect upon behavio 
varying a particular variable, 
reward magnitude, is investigated in 
terms of between-S differences, Such 
laws, however, do not provide us with 


ex- 
r of 
eg 
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рз 10-0, 10-1, 10-5, and 5-1 were run in 
eriment. 
number of food pellets (W,) associ 


The numerals refer to the 
ated with the 2 discriminanda 


Ss ran 75 trials to each alley. Differentiation 
roups rewarded in both alleys much as it did 
of the discriminanda. 
was positively related to differences in We 


Rate of differentiation 
Comparison between groups 


asymptotic response speeds for both 
nanda was 

increasing one. Also, the finding that respons 
reward magnitude were the same whether it wa 
of the 2 rewards implies that asymptotic perform: 
the absolute magnitude of the reward and not 
based on contrast or relative effects, e.g., 


а negatively accelerated 
е speeds based on a given 
15 the larger or the smaller 
ance is determined by 


by some other factor (5) 
frustration. 


knowledge as to the effects of within-S 
variation of the experimental variable 
upon performance, knowledge which 
is essential in connection with at- 
tempts to extrapolate the theory to 
more complex types of selective learn- 
ing. Differential conditioning experi- 
ments are essential if we are to have 
available the laws describing such 
within-S effects, 

Experimental studies of differential 
instrumental conditioning have, for 
the most part, been limited to the 
type in which response to one of the 
discriminanda (Sc) only receives 
reinforcement, with response to the 
other (S—) receiving zero reinforce- 
ment. The findings of such studies 
(cf. Bower & Trapold, 1959; Friedes, 
1957; Hunter, 1959; Raben, 1949; 
Spence, Goodrich, & Ross, 1959; 
Taylor, 1953) is that the speed of re- 
sponse curve to S+ increases in a 
negatively accelerated or S shaped 
fashion in a manner quite similar to 
that of an instrumental conditioning 
curve. The curve of response speed to 
S—, on the other hand, at first rises 
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along with the S+ curve, but then 
after a number of trials diverges from 
1t and either ceases to rise or decreases 
to a lower level. 

Investigation of the magnitude of 
Teward variable (\W,) in such differ- 
ential instrumental conditioning has 
also been limited primarily to employ- 
ing different reward amounts with the 
Positive discriminandum, zero reward 
being given on the negative. Two 
Such studies (Bower & Trapold, 1959; 
Hunter, 1959) have both reported 
that, as in the case of simple in- 
Strumental conditioning, speed of 
response to the rewarded S+ was a 
Positive function of W,. In the case 
of response to the negative, non- 
rewarded alley (S—), there was no 

Шегепсе in the final speeds (at the 
end of training) for the Ss run with 

ferent reward magnitudes on 5+. 

t is thus apparent that the degree of 
ifferentiation was also related to We. 
he present study was interested in 
TXtending the study of differential 
‘strumental conditioning to the sit- 
“ations in which responses to both 

IScriminanda are reinforced, but with 

"lerent reward magnitudes. Four 
Sroups, designated 10-0, 10-1, 10-5, 
and 5-1 were run in the experiment. 
The numeral before the hyphen 

icates, for each group, the number 
of pellets received following response 
9 the stimulus (arbitrarily designated 

Which led to the larger reward 
p 'agnitude, The numerals after the 
„УРћеп indicate the number of pellets 
ceived upon responding to the 
stimulus (S—) which led to the 
extaller reward magnitude. Such an 
~Perimental design provides informa- 
'On on a number of different points: 
e 1. Whether or not rats are able to 
Pus to respond differentially to dis- 
Ananda, responses to which receive 
„ferential magnitudes of reward. 
‘lated to this question is that of 


whether the degree of differentiation 
is related to the size of the differences 
between the reward values. 

2. How performance to the larger 
rewarded discriminandum (S+) varies 
(a) as a function of the magnitude of 
reward on S+, with reward to S— 
constant; (b) as a function of reward 
magnitude on S—, with reward to S+ 
equated. 

3. How performance to the smaller 
rewarded discriminandum (S —) varies 
as (a) a function of the magnitude of 
reward on S— with reward to S+ 
equated; (b) as a function of reward 
magnitude on S+, with reward to S— 
equalized. 

4. Whether or not performance 
associated with a given reward magni- 
tude is dependent on the value of the 
reward on the comparison discrimi- 
nandum. For example, how will the 
performances of Ss in Groups 10-5 and 
5.1 to the discriminandum rewarded 
with 5 food pellets compare? As may 
be seen in the case of one group, 5 
pellets is the larger reward while in 
the other it is the smaller. 


METHOD 


Subjects—The Ss were 28 male and 28 
female, experimentally naive hooded rats 
{гот the Iowa Psychology Department 
colony. They ranged in age from 150-180 
days at the beginning of pretraining. 

Apparatus.— The apparatus consisted of 
two parallel straight wooden alleys, each 60 
in. in length, 4 in. in height, and 3 in. wide. 
The first 10 in. of each alley served as a start 
box. Each was separated from the remainder 
of the alley by a single, downward-opening 
aluminum door which served as a start door 
for both alleys. Two appropriately painted, 
metal retrace doors partitioned off the last 
15 in. of each alley to form goal boxes. To 
the rear wall of each goal box was fastened 
an aluminum food cup painted the appro- 
priate color. 

The apparatus was placed in a dimly 
lighted room and was completely covered and 
surrounded by black cloth in order to provide 
a homogeneous surrounding environment, 
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Each start box was painted a flat medium 
gray as was the side of the start door facing 
thestartboxes. One runway and its goal box 
were painted a flat white and the other run- 
way and its goal box were painted a flat 
black. The alleys were illuminated by two 
40-w. fluorescent tubes, 4 ft. long, one tube 
being centered 40 in. above the longitudinal 
axis of each alley floor. Under the conditions 
employed, the alleys had the following 
reflected brightnesses: white, .08 mL.; black, 
-008 mL.; gray, .033 mL. 

The timing circuits consisted of Hunter 
Klockkounters, Hunter silent contact relays, 
and photocells set in the side walls of the alley. 
The light sources for the photocell beams were 
infrared filtered. The circuits measured re- 
sponse times in three Portions of the alley. 
The first interval, initiated with the opening 
of the start door was terminated when S 
interrupted the first light beam located 6 in. 
from the start door. The second interval 
began with the end of the first one and ended 
at a distance б in. beyond the first. The third 
interval began with the end of the second and 
ended with the interruption of the final beam 
36 in. beyond the second one. The latter 
corresponded to a position just above the 
food cups. All time data were converted to 
speed measures in terms of ft/sec. The three 
measures will hereafter be referred to as 
starting speed, running speed, and goal speed, 
respectively. 

Conditioning procedure.—Two weeks before 
the beginning of experimental training, Ss 
were removed from the colony room and 
placed in home cages in a room that was kept 
in total darkness except when E was present 
for purposes of feeding the Ss, removing them 
from their home cages to the transport cages, 
or cleaning the home cage racks. Throughout 
this period Ss were allowed access for 1 hr. 
Per day to a wet-mash 
approximately 50%, 
water by weight, 
available, This г 
completion of the 


transport them from t| 
the experimental room. The Ss were given 
no pretraining experience of any kind in the 
experimental apparatus. The temperature 
of both the home cage and experimental 
room was maintained at 74—76° F, 

Procedure.—For all Ss the experimental 
design was such that each received one 
magnitude of reward (a certain number of 


food pellets!) after traversing an alley of one 
brightness (e.g., white) and a different 
amount of reward after traversing the alley 
of the opposite brightness (e.g., black). As 
described in the introduction, four groups of 
5s, designated Group 10-0, Group 10-1, 
Group 10-5, and Group 5-1 were run in the 
experiment. Each group was composed of 
half females and half males. Within each 
group the reward magnitude—brightness 
conditions were counterbalanced with respect 
to sex. 

The experiment was conducted in two 
independent replications, with one group 
(5-1) not represented in the second replica- 
tion. There were 8 Ss in each group of a 
replication. 

For the first 4 days of each replication only 
3 trials per day were administered. There- 
after each S was given 6 trials per day, 3 
to S+ and 3 toS—. The order in which 
Positive and negative trials were administered 
within each daily block of 6 trials was as 
follows: The first trial was always positive 
and the second was always negative. The 
last 4 trials of each day, which provided the 
data reported in this Paper, were ordered by 
repeatedly cycling through a fixed sequence of 
16 trials constructed so as to insure equal 
numbers of positive and negative trials for 
each day and a limit of 2 similar trials in 
succession both within a day and from one 
day to the next. The sequence used for these 
last 4 trials of each day was — + — +, 
уел, ae Sr кш eee 
Procedure of holding the order of the first 2 
trials of each day constant and analyzing only 
the measures obtained during the last 4 daily 
trials was adopted with a view to elir 
the “warm-up effect" Per se and th 
day variability associated with t 
varying sequences of reinforceme 
warm-up trials. 

The Ss in each of the experimental replica- 
tions were divided into four squads, each 
Squad consisting of one male and one female 
from each of the experimental groups. The 
Ss within a given squad completed all of their 
daily trials before the next squad was begun. 
The order in which the four Squads were run 
from day to day was kept constant, and 
within any one Squad the reward magnitude- 
brightness conditions were the same for all 
members, i.e., for all members of Squads 1 
and 4, white was S+ and black was S—, 


lThe reward consisted of small round 
pellets weighing approximately 45 mg. each, 
obtained commercially from the Р. J. Noyes 
Company, Lancaster, New Hampshire. 


minating 
e day-to- 
he use of 
nts in the 
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Whereas for all members of Squads 2 and 3, 
black was S+ and white was S—. Further- 
more, the various experimental groups were 
Tepresented in the same order from squad to 
Squad and from day to day, i.e., first the 
males were run in the order 10-0, 10-1, 10-5, 
5-1 and then the females were run in the 
same order. 

The procedure for any one squad involved 
having all Ss complete a given trial (e.g. 
the first) before the next trial was begun. 
This Procedure resulted in a 6-8 min. intertrial 
Interval during the first replication (8 Ss per 
Squad) and a 5-7 min. intertrial interval 
during the second replication (6 Ss per squad). 
Approximately 15 min. after the members of 
the last squad were returned to their home 
cages all Ss were allowed 1 hr. of access to a 
Wet mash mixture. 

Each individual trial began with the place- 
Ment of S in the start box leading to the 
арргоргіаќе alley, As soon as 5 remained 
rented toward the start door for approxi- 
purely 2 sec., the door was opened. After S 
had broken the final photobeam, the retrace 

Cor was closed. The 5 was removed from 
me Boal box immediately after consuming the 
‘ward pellets, If no reward pellets were 
Present in the food cup (as was the case on 
Ralf of the trials for the Ss of the 10-0 group) 
Was removed immediately after the breaking 
b the final photobeam. It was decided, 
„°Гогеһапа, to adopt a time-limit criterion on 
а! of 120 sec., i.e., if after S left the 
ОГ АЕ chamber, it remained in any section 
the alley for 120 sec., it was removed from 
^t section and placed at the food cup if 
Pellets Were present. If no pellets were in the 
904 cup S was removed from the apparatus. 
w Such trials a latency of 120 sec. was 
‘signed for those measures corresponding to 
far tions of the alley which had not been 
Ully traversed during the trial. ‘This pro- 
“Чиге was followed throughout a total of 
trials (75 to each discriminandum) in 

ach replication, 


of 


ReEsutts AND DISCUSSION 


Course of differentiation.—A picture 
the manner in which the perform- 
паев differential based on different 
winlorcement magnitudes develops 
Ithin Ss is provided in Fig. 1. This 
in presents the running speed 
аѕцгеѕ to the two brightness dis- 
ii nininanda as a function of succes- 
Уе blocks of training trials for the 


GROUP 10-5 


RUNNING SPEED (FT./SEC.) 


nd 
GROUP 10-0 


2 $9 4-56 ТӨ 9 ЮР 


BLOCKS OF 6 TRIALS TO EACH S BEYOND 
INITIAL. BLOCK (O) OF THREE TRIALS TO EACH 


ol 


Fic. 1. Mean running speed for Groups 
10-0, 10-1, and 10-5 to the two brightness 
discriminanda. (The first block includes 
three trials to each alley, the subsequent 
blocks six trials to each alley.) 


three groups in which the larger 
reward was 10 pellets. As may be 
seen, differentiation in the case of 
Groups ,10-1 and 10-5, in which 
reward was present in both alleys, 
develops in much the same manner as 
that for Group 10-0 in that, initially, 
the S+ and S— curves rise together 
for a number of trials and then the 
S— curves break away from the S+ 
curve, remaining approximately at the 
break-off level thereafter. This, it 
will be recalled, is essentially the same 
finding as was reported in previous 
curves of such standard differential in- 
strumental conditioning cited earlier, 

The results for the starting speed 
measure were practically identical 
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TABLE 1 


CoMPARISON OF MEAN AsvMPTOTIC REsPO 


NSE SPEEDS (FT/SEC) TO DIFFERENTIALLY 


REINFORCED DISCRIMINANDA FOR GROUPS WITH DIFFERENT 
COMBINATIONS OF REWARD MAGNITUDES 


Groups Designated by 
Response 


No. of Pellets to Each Discriminandum 


Measure 
10 vs. 0 10 vs. 1 10 vs. 5 5 ув, 1 
Starting 1.44 .83 1.39 -90 1.50 1.35 1.45 1.18 
Running 3.26 1.54 3.10 1.98 3.28 3.07 3.30 2.57 
Goal 2.51 97 2.34 1.89 2.70 2.61 2.60 2.12 


with those obtained with the running 
Speed measure, while the goal-speed 
measure differed only slightly. The 
major difference in the case of the 
latter occurred in Group 10-0, in 
Which the curve for S— exhibited a 
Steady, continuous decrement after 
the peak point was reached. This was 
the only S— curve of the 12 involving 
all three measures for the four groups 
that showed such a decrease. Earlier 
studies involving differential condi- 
tioning with no reinforcement on S- 
have reported both results. As yet 
the conditions responsible for the two 
kinds of findings are not known. 

Further examination of Fig. 1 
reveals that differentiation tends to 
develop sooner the larger the reward 
differences. Thus the curves for S+ 
and S— broke away after 18 trials 
in the case of Groups 10-0 and 10-1, 
but only after 30 trials in the case of 
Group 10-5. Not represented in the 
graph are the curves for Group 5-1, 


which required 42 trials before separa- 
tion occurred. 


Performance at as 
1 shows, all of th 
larger reward alle 
reached asymptote: 
acquisition period. More complete 
data on the performance levels at this 
stage for all four groups are presented 
in Table 1. This table gives the 
means of the response speeds for all 
three measures to the larger rewarded 


Утріоіе.—Аѕ Fig. 
e curves for the 
Y appear to have 
5 by the end of the 


(S+) and smaller rewarded (5—) 
discriminandum for all four groups 
over the last 12 tabulated training 
trials (6 toS+ and 6 to S—). As тау 
be seen, in every instance performance 
to S+ was higher than to S—. How- 
ever, only in the case of Groups 10-0 
and 10-1 were the differences in speed 
of response to the two discriminanda 
for all three measures significant 
(b < .01)? For the 10-5 group the 
difference between 5+ and S— asymp- 
totic performance reached the .05 level 
in the case of one measure, starting 
Speed. А separate analysis for the 
5-1 group? revealed that none of the 
measures provided evidence for dif- 
ferentiation even at the .05 level of 
significance. It will be recalled that 
only one replication (8 Ss) was run 
with this group. Possibly significant 
differentiation would be obtained with 


these relative reward magnitudes with 
more Ss. 


? These comparisons were obtained as 
simple effects from separate mixed analyses of 
variance of asymptotic performance (Trials 
133-150) on each speed measure. Each such 
analysis included groups (10-0, 10-1, and 
10-5), sex, and the counterbalanced factors 
of brightness and discriminanda as main 
factors, The simple discriminanda effects 
within each group were tested against the 
within-Ss error term from the corresponding 
overall analysis, 

* The analyses for Group 5-1, one for each 
speed measure, were identical with those 
described in Footnote 2, except that they 


were restricted to the single group, 
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Turning from these within-S differ- 
ences to differences in performance 
between groups, attention is first 
directed to the fact that asymptotic 
Performance to an S+ reward magni- 
tude of 10 did not differ with varia- 
tions of the smaller reward magnitude. 
Thus, as Table 1 reveals, Groups 10-0, 
10-1, and 10-5 all responded at ap- 
Proximately the same level to the 10- 
pellet alley in the case of all three 
Tesponse measures. The small differ- 
ences obtained are well within the 
Tange of variation to be expected by 
Sampling, It would thus appear that 
Performance at the asymptote to this 
arge reward discriminandum is not 
affected by the magnitude of the 
reinforcer given on the alternative 
Small reward discriminandum and 


"ence the speed of response to the 
latter, 


36 
34 
32 
3.0 
28 
26 
24 
22 
20 

18 


RUNNING SPEED (FT./ SEC.) 


1.6 
1.4 
о 


Looking next at the asymptotic 
speeds to the small reward discrimi- 
nanda, it is apparent from the data 
for the different measures given in 
Table 1 that there is a consistent rise 
in the response speeds to reward 
magnitudes of 0, 1, and 5 pellets in 
the case of the three groups in which 
the larger reward magnitude was 10 
pellets. The form of this function 
for the running speed measure is 
revealed by the dotted curve joining 
the open circles of Fig. 2. 

Also presented in Fig. 2 are the 
results for the running speed measure 
to the large reward discriminanda. 
This (solid) curve joining the solid 
dots was determined not only from 
the data of the present experiment, 
but also from a study conducted con- 
currently with the present one that 
used the same apparatus and the 


5 lo 


NUMBER OF PELLETS 


Fic. 2. 


Relation between mean running speed and number 
of reward pellets for both S+ and S—. 
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same procedures with respect to pre- 
training, motivation, and conduct of 
an experimental trial (Trapold, 1961). 
Thus the point on this curve for the 
reward value of one pellet was ob- 
tained from Trapold’s Group 1-0.4 
The speed measure at 5 pellets was 
obtained from our 5-1 group, while the 
measure at 10 pellets represents the 
mean speed to the large reward dis- 
criminandum for our Groups, 10-0, 
10-1, and 10-5. Also shown in the 
graph by means of the circled cross is 
the mean asymptotic running speed 
for Group 5-1 to the discriminandum 
that received 1 pellet. 

Like the broken curve, which it 
follows closely at its common abscissa 
values, the solid curve suggests a 
negatively accelerated relation be- 
tween asymptotic response speed and 
reward magnitude generally similar 
to those which have been obtained 
in simple instrumental conditioning 
studies in which the complication of 
differentiation is not present (cf., 
Crespi, 1944). The closeness of the 
curves at the common reward values 
means, of course, that response speed 
based on a given reward magnitude, 
is approximately the same to a 
"larger" rewarded discriminandum as 
it is to a “smaller” rewarded one. 
This implies that asymptotic per- 
formance to a particular discrimi- 
nandum is determined by the absolute 
magnitude of the reward received and 
15 not a function of its relative 
magnitude, i.e, the relation of this 
magnitude to the magnitude of reward 


given on the other comparison dis- 
criminandum, 


This finding h 


as very important theo- 
retical implicati 


ons for it suggests that 


‘The mean speed to the zero rewarded 
discriminandum of Trapold’s 1-0 group, not 
represented on the graph, was exactly the 
same as that of Group 10-0 for the zero 
rewarded discriminandum. 


_discrimin 


Е 


the differential strengths of the response 
tendencies (E) in such differential in- 
strumental conditioning is, at least af the 
asymptote, entirely a function of the 
incentive motivation variable (K) and is 
not due to some other factor such as 
frustrative inhibition (I) in the case of 
the smaller reward (cf., Spence, 1960). 
That is, a theoretical possibility that 
could be entertained is that a reward 
magnitude of 1 pellet, when given in 
connection with a 10-pellet reward, would 
result in frustration and hence some kind 
of an inhibitory (decremental) factor 
which, in turn, would have reduced the 
effective strength of the response to this 
discriminandum. The difference in the 
strengths of the responses to the two 
discriminanda would, in this case, have 
been due to differences in I as well as 
differences in K. Moreover, it would be 
predicted by such a theory that the 
asymptotic performance level to a dis- 
criminandum reinforced with a particular 
reward magnitude, €.g., 2 pellets, would 
be lower when this reward 'size was 
paired with a larger reward than with a 
smaller. The evidence of the present 
experiment, as we have seen, is against 
such a theory. 

Attention should be directed to the 
procedure employed in the present ex- 
periment of removing an S from the goal 
box immediately after it picked up the 
pellets from the food container. It is 
possible that this procedure did not 
provide an opportunity for frustration 
to occur in the goal box and hence would 
account for the absence of such frustra- 


tion effects with the smaller of the two 
rewards. 


Further support for the interpretation 
that asymptotic performance level to two 
differentially reinforced discriminanda is, 
under the conditions of the present ex- 
periment, Solely a function of incentive 
motivation, K, as determined by the 
absolute magnitude of each reward, is 
found in certain further data provided by 
Trapold’s (1961) study. In addition to 
training groups under differential rein- 
forcement, Trapold had one group which 
received 10 pellets on both brightness 

anda and another group which 
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received 1 pellet оп each of the dis- 
criminanda. According to the inter- 
Pretation that K is the primary de- 
terminer of the asymptote, these groups 
should have performed at the same level 
as the groups in the present experiment 
did to the discriminandum on which they 
received these particular reward magni- 
tudes. Confirmation of this implication 
ls seen in the fact that Trapold's group 
(N= 16) that had 1 pellet on both 
discriminanda achieved an asymptotic 
running speed of 1.95 ft/sec, which is 
almost exactly the same as the 1.98 
ft/sec value attained by Group 10-1 of 
the present experiment on the discrimi- 
nandum receiving 1 pellet. Again, 
Trapold's Group 1-0 (N = 16) reached 
an asymptotic level of 2.07 ft/sec on the 
larger rewarded alley which differs 
negligibly from the other two speeds for 
this reward amount (i.e., 1 pellet). 


REFERENCES 
Reward 
single- 
comp. 


Bower, G. H., & Тклрогр, M. A. 
magnitude and learning in a 
Presentation discrimination. — J. 
Physiol. Psychol., 1959, 52, 727-729. 

REspr, L, Р. Amount of reinforcement and 
level of performance. Psychol. Rev., 1944, 
51, 341-357, 


Friepes, D. 
reinforcement. 
361-371. 

Hutt, C. L. A behavior system. New Haven: 
Yale Univer. Press, 1952. 

Hunter, J. J. Performance in differential 
conditioning as a function of magnitude of 
reward. Unpublished master’s thesis, 
State University of Iowa, 1959. 

Ragen, M. W. The white rats discrimination 
of differences in intensity as measured by a 
running response. J. comp. physiol. 
Psychol., 1949, 42, 254-272. 

Spence, K. W. Behavior theory and condi- 
tioning. New Haven: Yale Univer. Press, 
1956. 

Spence, K. W. The roles of reinforcement 
and nonreinforcement in simple learning. 
In, Behavior theory and learning. Engle- 
wood Cliffs, N. J.: Prentice-Hall, 1960. 

=, К. W., Сооркісн, К. P., & Ross, 

. Performance is differential condi- 
tioning and discrimination learning as a 
function of hunger and relative response 
frequency. J. exp. Psychol., 1959, 58, 8-16. 

Тлугов, J. E. The effects of positive- 
negative cue differences on response tend- 
ing. Unpublished doctoral dissertation, 
State University of Iowa, 1953. 

TRAPoLp, M. A. Mixed- and separate-phase 
differential conditioning as a function of 
magnitude of reward. Unpublished mas- 
ter's thesis, State University of Iowa, 1961. 


Goalbox cues and pattern of 
J. exp. Psychol., 1957, 53, 


(Received February 10, 1962) 


Journal о] Experimental Psychology 
1963, Vol. 65, No. 1, 94-102 


STIMULUS GENERALIZATION IN THE LEARNING 
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6 different classifications of the same set of 8 Munsell colors into 2 
equal subsets were learned by a paired-associate method in which one 


verbal response was associated with each of the 4 colors in one subset 
while a 2nd verbal response was associated with each of the 4 colors 


in the other subset. 
included in w 
8 colors. 
tion for classification learnin 
the 6 classifications was fo 


A condition of identification learning was also 
hich a different response was associated with each of the 
In accordance with a proposed principle of stimulus generaliza- 
g, 78% of the variance of the difficulties of 
und to be accounted for by the pair-wise 


confusions among the same stimuli as determined from identification 


learning. 


One purpose of the present study is 
to clarify the relation between two 
kinds of  paired-associate arrange- 
ments. One, called the identification 
learning arrangement, conforms to the 
conventional paired-associate para- 
digm. Specifically, in this study, a 
one-to-one association is built up (by 
the usual method of anticipation) 
between eight individually presented 
stimuli and eight arbitrarily assigned 
verbal responses. The other, called 
the classification learning arrange- 
ment, departs from this paradigm in 
just this one respect: the number of 
responses is reduced from eight to two 
and one of these two responses is 
associated with four of the eight 


1 I am indebted to the late Carl I. Hovland 


fora number of helpful suggestions concerning 
an earlier version of this Paper. Indeed I 
wish to use this opportunity to a 
more broadly tha 


I can express, 
advice, and—above all—b 

As first author of the present report, I am 
responsible for the conception and design 
of the experiment as well as for the report 
itself. The second author carried out the 
experiment proper and much of the tabulation 
and analysis of data, The stimulus materials 
were prepared by John Gibbon. 
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stimuli while the other response is 
associated with the remaining four 
stimuli. 

Since the responses are essentially 
arbitrary verbal labels, the difficulty 
of learning any particular classifica- 
tion should not depend upon which 
of the two possible assignments is 
enforced between the two responses 
and the two subgroups of stimuli. 
Consequently the number of different 
classifications that must be distin- 
guished here is just the number of 
distinct partitions of the set of eight 
stimuli into two equal subsets; viz., 
35. These 35 classifications will 
themselves generally vary in difficulty, 
however. For example, to learn one 
name for each of four horses and 
another name for each of four dogs 
would surely be easier than to learn 
the one name for two of the horses 
and two of the dogs and the other 
name for the remaining two horses 
and dogs. 

One factor that has been proposed 
to account for such variations in 
difficulty is that of stimulus general- 
ization (Baum, 1954; Buss, 1950; 
French, 1953 ; Gibson, 1940; Newman, 
1956; Oseas & Underwood, 1952). 
The above example might be under- 
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Stood in terms of this factor by noting 
that a response associated with any 
one of the eight animals should 
generalize most extensively to those 
stimuli that are psychologically the 
most similar to it; namely, the three 
other animals of the same species. 
Indeed, the experiment by Baum 
(1954) has already indicated that 
some of Heidbreder's (1947) results 
on the learning of concepts might be 
explained in this way. Still, the 
extent to which variations in difficulty 
between different classifications can 
be given a detailed, quantitative 
account in terms of the principle of 
Stimulus generalization alone has not 
been precisely determined owing, per- 
haps, to the absence of a sufficiently 
rigorous and operational formulation 
of that principle. 

It was for just this reason that an 
explicit and quantitative interpreta- 
tion of the principle of stimulus 
generalization, which had previously 
been proposed for identification learn- 
ing (Shepard, 1957), was recently 
extended to classification learning as 
Well (Shepard, Hovland, & Jenkins, 
1961, pp. 25-29). According to this 
interpretation, if the responses are 
Sufficiently distinctive that they are 
not themselves confused, then the 
Overt errors observed during iden- 
tification or classification learning 
alike should be attributable solely to 
the pair-wise confusions between the 
Stimuli, Under this condition, then, 
the frequency with which the response 
assigned to one stimulus is incorrectly 
made to some other stimulus should 
depend only upon the psychological 
Similarity between those two stimuli, 
ànd not at all upon any other aspect 
Of the assignment (such as the total 
number of alternative responses їп 
particular). 

Unlike the earlier formulations of 
the principle of stimulus generaliza- 


tion, this formulation provides for a 
complete, quantitative prediction of 
the total number of errors to be ex- 
pected during the learning of any one 
of the 35 different classifications. 
These predictions can all be based 
upon the results of a single experi- 
ment on identification learning using 
the same eight stimuli. Indeed, from 
the matrix giving the frequency with 
which each of the eight responses was 
made to each of the eight stimuli 
during identification learning, a pre- 
diction can immediately be derived 
not only for the total number of 
errors for any given classification but 
also for the number of incorrect 
responses for each stimulus in that 
classification taken separately. The 
predicted number of errors for Stimu- 
lus S; is obtained from the matrix 
simply by summing those four entries 
in Row i that represent confusions 
between S; and the four stimuli as- 
signed to the other response in the 
given classification. (Clearly, con- 
fusions between S; and stimuli as- 
signed to the same response as S; will 
not contribute to the overt errors.) 
This formulation has already been 
subjected to a partial test in the 
recent investigation of classification 
learning by Shepard, Hovland, and 
Jenkins (1961). The stimuli in that 
investigation were psychologically 
highly analyzable in the sense that 
they tended to be immediately per- 
ceived or described in terms of their 
values on a small number of per- 
ceptually isolated and salient dimen- 
sions (such as size, color, and shape). 
The results conclusively showed that, 
for such analyzable stimuli, the actual 
difficulties of the different classifica- 
tions departed in a very striking 
manner from the difficulties predicted 
from the proposed formulation of the 
principle of stimulus generalization. 
The failure of this prediction was 
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attributed, in that study, to the 
intervention of an additional process 
of selective attention or abstraction 
which, it was argued, would be par- 
ticularly likely with such highly 
analyzable stimuli. 

The primary purpose of the present 
study, then, is to test this explanation 
of the earlier predictive failure by 
attempting the prediction anew with 
much more internally homogeneous 
or unanalyzable stimuli: namely, eight 
Munsell colors. Since a patch of uni- 
form color tends to be reacted toasa 
whole (rather than analyzed into 
component parts), the proposed for- 
mulation of the principle of stimulus 
generalization alone might in this case 
be expected to account for the ob- 
served differences in difficulty among 
the various classifications. 


METHOD 


Subjects—The Ss were 38 female high 
school graduates employed in a clerical 
capacity by the Bell Telephone Laboratories. 

Stimuli.—The stimuli were prepared from 
Munsell sheets of the same nine shades of red 
previously used in a study of stimulus 
generalization in identification learning (Shep- 
ard, 1958). Since the present experiment 
calls for eight rather than nine stimuli, one 
of these colors (S4) was arbitrari ly eliminated 
for this experiment. However, in order to 
facilitate direct comparison with the previous 
experiment, the eight remaining stimuli will 
still be denoted by the symbols used in the 
earlier experiment; viz, "S, through Sg, 
omitting S,, According to their Munsell 
designations these eight colors are all of the 
same red hue (viz, SR) but vary in brightness 


and saturation with the following Munsell 
value|chroma specifications 


' 416, 4110, and 3|4 (Munsell Colo? 


сагат dA 
aration and 
ell as of the 
at responses 
er se (rather 
be found in 
ark, here, that 


16 cards were prepared from each of the eight 
color sheets and that, asa consequence, no .S 
saw any one card more than twice during a 
learning session. 

In order to illustrate the various classifica- 
tions, it is convenient to represent the eight 
stimuli as eight points in a color space in such 
a way that the distance between two points 
is a decreasing function of the perceived 
similarity between the two corresponding 
colors. Such a representation, furnished bv 
the multidimensional scaling solution ob- 
tained in the earlier study (Shepard, 1958), is 
shown in Fig. 1. About 99% of the variance 
of the frequencies of confusions between 
stimuli during identification learning in that 
study is accounted for by the distances be- 
tween the points in this plot. 

Classifications.—Six of the 35 distinguish- 
able classifications were selected for system- 
atic study. "These were chosen both to cover 
the widest possible range of predicted diffi- 
culty and to be mutually orthogonal. (We 
call two classifications "orthogonal" if the 
four stimuli that constitute either subclass in 
one of the classifications split equally into the 
two subclasses in the other classification.) 
l'he multidimensional scaling solution of 
Fig. 1 is used in Fig. 2 to illustrate each of the 
6 chosen classifications by coloring the four - 
points corresponding to the stimuli associated 
with one response black, and by leaving the 
remaining four points white. According to 
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N 
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FIG. 1. A two-dimensional plot of the 


(The smaller the separation 
ints in this plot; the greater 
sted frequency of confusion 
corresponding colors.) 
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Fic. 2. Six orthogonal classifications of 
the eight colors. (The number-names for the 
Specific colors included in either subclass of 
any of the six classifications can be found by 
comparing the appropriate plot with Fig. 1.) 


our proposed formulation of the principle of 
Stimulus generalization, classifications (like 
in which the black points are clustered 
together in one region and the white points 
are clustered together in another should be 
easier to learn than classifications (like F) in 
Which the black and white points are in- 
termingled. | 
Learning task.—The task was essentially 
the same as that employed in the earlier 
experiment on identification learning, but the 
Number of responses was reduced to two in 
Order to convert the identification task into 
.8 classification task. Each 5 was run in- 
Ividually, and stimuli were presented one at 
a time in random order. During any given 
earning session 5 was required to produce 
Опе of two specified verbal responses (e.g., 
Plus” or *minus") during the presentation 
of each stimulus (beginning with the first). 
€ association between each stimulus and 
Its assigned response Was built up by the 
usual method of anticipation (or response 
©Orrection) but the task was self-paced; 1.e., 


E waited until S had responded to a given 
stimulus before stating the correct response, 
and then presented the next stimulus. Learn- 
ing was continued for 200 stimulus presenta- 
tions or until S had made 32 consecutive 
correct responses—whichever occurred first. 
The deck of 8 X 16 or 128 stimulus cards was 
reshuffled after each individual session. 

Experimental design.—Owing to limita- 
tions on the number of available Ss, it was 
found necessary to have each S learn more 
than one classification (hence the requirement 
that the classifications be orthogonal). 
Initially, then, each of 30 of the Ss was given 
two different classifications—one on each of 2 
consecutive days. In order to counterbalance 
possible order effects, each of the 30 possible 
sequences of two different classifications was 
used just once. Since there was a rather 
large variation in the performance of different 
Ss on the same classifications, an attempt was 
made to secure more reliable data by replicat- 
ing the entire procedure on the same 30 Ss 
about 2 wk. later. The order of administra- 
tion of problems was counterbalanced as 
before but with the additional constraint that 
none of the six classifications was given to any 
S twice. Thus each S learned exactly four 
different classifications. The two response 
alternatives were A and B, for the first 
classification; + and —, for the second; X 
and Y, for the third; and 1 and 2, for the 
fourth. 

The test of the proposed explicit interpreta- 
tion of the principle of stimulus generalization 
was to consist in a comparison of the number 
of errors made on each of the six classifica- 
tions with the number predicted on the basis 
of the results obtained from the 36 55 of the 
earlier experiment on identification learning. 
However it seemed probable that the pre- 
dictions would need to be adjusted in order to 
accommodate any overall difference in 
motivation or learning skill between the old 
and new populations of Ss. (The earlier Ss 
were primarily graduate students at Yale 
University, whereas almost all of the present 
Ss had never attended college.) In order to 
estimate the size of the adjustment needed, 
a small sample of the present population of Ss 
(consisting of the remaining 8) was given an 
identification learning problem with the same 
eight stimuli. ‘This identification problem was 
administered in exactly the same way as the 
classification problems except that there were 
eight responses instead of two. These re- 
sponses (viz., D, H, K, M, O, R, S, and W) 
were assigned to the stimuli in a different 
way for each of the 8 Ss, 
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RESULTS 


Differences among classifications — 
Although all six classifications were 
constructed by dividing the same 
group of eight colors into two equal 
subgroups, there was a three-fold 
variation in difficulty from Classifica- 
tion А, at the easiest extreme, to 
Classifications E and F, at the hardest. 
Specifically, the mean numbers of 
errors (averaged over all Ss and all 
positions within the sequence of four 
problems administered to each S) 
were, in alphabetical order from A to 
F, 18.8, 26.7, 42.3, 38.1, 57.6, and 56.5. 
Moreover, this same overall trend 
was evident within each of the four 
positions of administration taken sep- 
arately. However, since the results 
for the four separate Positions are not 
strictly independent, a test of the 
reliability of these differences was 
confined to the first position of 
administration only. Whether or not 
the error scores for this first position 
were logarithmically transformed (as 
in the earlier study by Shepard et al., 
1961), these differences among classi- 
fications proved to be highly signifi- 


cant (e.g., for the log scores, F = 837, 
b « .001). 


Effect 
classificat 
differences amon 
per se, there wa 
make fewer erro, 


errors (average 
tions) for the 
positions were, in that or 

Owever, the 
absence of an apparent interaction 
between classifications and positions 
suggests that this gradual decline in 
errors over the four positions resulted 
more from a general increase in famil- 


iarity with the stimuli and with the 
paired-associate task than from a spe- 
cific transfer from one classification to 
the next. (This, of course, is what we 
had hoped to achieve by choosing all 
six Classifications to be “orthogonal.’’) 
Unfortunately, a conclusive statistical 
test of the interaction in question is 
precluded in the present experimental 
design. Nevertheless, in view of the 
fact that the classifications exhibited 
the same general trend in difficulty 
within both the early and late posi- 
tions, it seemed reasonable to average 
the data for each classification across 
all four positions in order to permit a 
More sensitive test of the predictions 
to be considered next. 

Calculation of the predicted diffi- 
culties—The predictions were based 
upon the matrix obtained in the 
previous study of identification learn- 
ing (Shepard, 1958, p. 513). For each 
pair of stimuli, this matrix gives the 
estimated mean probability with 
which the one stimulus was mistaken 
for the other over the series of 200 
presentations. Since Ss was not in- 
cluded among the present stimuli, 
however, the fourth row and fourth 
column of the original 9 x 9 matrix 
were deleted. Every entry was then 
divided by the new sum for its row in 
order to reinstate the required condi- 
tion that the probabilities in each row 
sum to unity. Such a procedure is 
justified in Part by Clarke's “соп- 
Stant-ratio rule for confusion ma- 
trices” (Clarke, 1957; Luce, 1959, 
P. 12). All 64 entries were then 
multiplied by 200/8 to convert them 
into the total numbers of confusions 
to be expected during all 200 trials. 
Apart from two corrections shortly 
to be mentioned, the predicted num- 
ber of €rrors was obtained separately 
for each of the eight stimuli in each 
of the six classifications simply by 
summing the appropriate four entries 
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in the row of the matrix corresponding 
to that stimulus. The total number 
of errors predicted for any classifica- 
tion as a whole, then, was furnished 
immediately by the sum of the 
predicted numbers of errors for all 
eight stimuli. 

Actually, as already indicated, two 
Corrections were applied prior to 
making these calculations. One was 
to compensate for an apparent overall 
difference in learning ability between 
the old and the new population of Ss. 
The other was to compensate for the 
tendency of Ss to make fewer errors 
On classifications given towards the 
end of the series of four. By coin- 
Cidence, though, these two corrections 
turned out to have opposite and 
essentially equal effects (one multi- 
Plied all predicted values by 1.31 
While the other multiplied all obtained 
values by 1.26). Therefore the appli- 
Cation of the corrections had a negli- 
gible effect on the accuracy of the 
Prediction.? 


. "The need for the first correction was 
indicated by the fact that the mean number of 
errors per 5 during identification learning 
(i.e., the sum of all 56 off-diagonal entries in 
the8 x 8 matrix) was 68.9 for the 36 graduate 
Students in the earlier experiment as opposed 
to 90.4 for the 8 clerical employees in the 
Present identification condition. It Ve 
Seemed appropriate to adjust all entries in the 
matrix stained from the previous 36 Ss by 
multiplying them by the constant 90.4/68.9 
= 1.31, (The decision to use a multiplicative 
Correction, here, was based on the observation 
àt a plot of the off-diagonal entries for the 
old vs, the new Ss did not indicate any 
Systematic departure from the straight line 
through the origin with slope 1.31.) . 
. The need for the second correction was 
Indicated by the fact that, whereas the mean 
number of errors for classifications in all four 
Positions of administration was 40.0, the 
Mean for classifications in only the first 
Position was 50.3. Therefore, in order to 
Make the classification data comparable with 
the earlier identification data (which were all 
obtained during first learning), it seemed 
*sirable to multiply the classification data 
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Fic. 3. Obtained vs. predicted difficulties. 
(The mean numbers of errors per stimulus 
per S are plotted [for each classification and 
for each stimulus within each classification] 
against the corresponding numbers predicted 
from the earlier identification experiment.) 


Accuracy of the prediction.—Figure 3 
shows the results actually obtained 
during classification learning plotted 
against the corresponding predictions 
calculated from the results of the 
earlier experiment on identification 
learning. For example, the center of 
the lowest circle (labeled A1) relates 
the (corrected) obtained to the (cor- 
rected) predicted mean number of 
errors (per S) on Stimulus S, in 
Classification A. Each of thesix larger 
double-circled points (А through F) 
gives the mean number of errors per 
stimulus for a classification as a 
whole. The double-circled point la- 
beled X (in the center of the plot) is 
based upon data from 4 Ss of a 
preliminary experiment using another 
classification of these same stimuli. 


(averaged over all four positions) by the con- 
stant 50.3/40.0 — 1.26. As noted above, 
since the ratio of the two corrections is near 
unity (1.04), they effectively canceled each 
other. 
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Figure 3 reveals a rather strong 

relation between the predicted and ob- 
tained numbers of errors. The ques- 
tion remains, however, as to whether 
the residual scatter of the points about 
the prediction line represents a flaw 
in the predictive machinery or simply 
chance fluctuations in the relatively 
small sample of empirical data. In 
order to answer this question it was 
necessary to secure estimates of the 
variabilities of both the obtained and 
the predicted numbers. This was 
accomplished by dividing both groups 
of Ss into two independent subgroups. 
First, that is, the 36 Ss from the 
earlier identification learning experi- 
ment were divided at random into 
two groups of 18 Ss each and, then, 
the predicted numbers for the various 
classifications were derived in exactly 
the same manner as before, but from 
each subgroup independently. Sec- 
ond, the 30 Ss from the present 
classification learning experiment were 
divided into two groups of 15 Ss each 
in a manner that was random except 
for the constraint that, in each of the 
two subgroups, each of the six 
classifications was represented exactly 
10 times (and approximately equally 
often from each of the four positions 
of administration). In this way four 
independent 8 X 6 matrices were ob- 
tained each of which specified a mean 
number of errors for each of the eight 
stimuli in each of the six classifica- 
tions. Again, in order to reduce the 
correlation between the variance and 
the mean for a group of Scores, all 
entries in these matrices were log- 
arithmically transformed. The two 
predicted matrices were then paired 
at random with the two obtained 
matrices and the differences between 
the corresponding entries in the 
paired matrices were computed. 

The two resulting 8 X 6 matrices 
of differences were then treated as 


two "pseudo replications” or the 
random factor in a “mixed” three- 
way design and the corresponding 
analysis of variance was applied (e.g., 
see Edwards, 1960, pp. 307-309, 
where his "subjects" factor would 
correspond to our “pseudo replica- 
tions" factor). Although this analysis 
is not strictly correct, here, because 
each of the present Ss learned only 
four of the six classifications, the 
extensive counterbalancing is thought 
to be sufficient to prevent any serious 
bias. 

If the scatter of the points about 
the prediction line in Fig. 3 resulted 
only from sampling fluctuations, then, 
this analysis should fail to detect any 
significant influence (upon these dif- 
ferences) of either the classifications, 
the stimuli, or their interaction, On 
the contrary, however, when all inter- 
actions of the random (or pseudo 
replications) factor with the other 
factors were pooled as the error term 
(with 47 df), significant differences 
among these discrepancies were found 
to be attributable both to classifica- 
tios (F = 682, p< .01) and to 
stimuli (F = 3.78, p < 01). The 
interaction, however, was not signifi- 
cant (F = 1.37). Thus it appears 
that the departures of the obtained 
from the predicted numbers are not 
merely chance fluctuations. More- 
over, these significant effects cannot 
be explained on the assumption of 
either systematic or unsystematic 
errors in the corrections applied to the 
obtained and predicted numbers. In 
fact, these multiplicative corrections 
were in effect converted, by the log 
transformation, into additive correc- 
tions and, hence, they essentially 
affected only that 1 df (out of the 
total 96) that was excluded from the 
analysis of variance of the differences. 
In conclusion, although the prediction 
accounted for a substantial fraction 
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of the total variance of the obtained 
data (63%), the residual 37% is 
probably attributable at least in 
part to reliable departures from 
prediction. 


DISCUSSION 


An instructive comparison can now 
be made between the prediction at- 
tempted here and the similar one 


attempted in the earlier study by Shep- 
ard, Hovland, and Jenkins (1961). In 
order to facilitate comparison, we shall 
consider only the prediction of the total 
number of errors (per S) for each of the 
six classifications as a whole. (In the 
earlier study predictions were not com- 
puted for each stimulus individually.) 
Аз a rough measure of the accuracy of a 
prediction, here, we again use the 
fraction of the total variance of the 
obtained numbers that is accounted 
for by the predicted numbers (i. e. 
1 — E(y — х)2/5у?, where x and y denote 
the deviations of the predicted and the 
Obtained numbers, respectively, from 
their means). With respect to the total 
number of errors made on each classifica- 
tion of the Munsell colors, then, 78% 
of the variance was accounted for by the 
prediction in the present experiment. 
In the earlier experiment with highly 
analyzable stimuli, by contrast, only 
41% of the variance was accounted for 
by a prediction of essentially the same 
kind. This difference in the accuracies 
of the two predictions can also be seen 
quite directly by comparing the fit of the 
six points A through F in the present 
Fig. 3 with the fit of the six points I 
through VI in Fig. 13 of the earlier report 
(Shepard et al., 1961, P- 27). Further- 
more, the superiority of the present 
Prediction cannot be accounted for by a 
difference in the total range of difficulty 
covered by the classifications in the two 
experiments, for this range was actually 
greater in the earlier experiment (though 
the total variances of the obtained num- 
bers of errors were nearly the same for 
the two studies). Thus the substantial 
improvement in the predictions from our 
explicit interpretation of the principle of 
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stimulus generalization is most likely 
a consequence of the present substitution 
of the color stimuli for the relatively 
much more analyzable stimuli used in 
the earlier experiment. 

According to arguments developed in 
that earlier study, the relative failure 
of the prediction there was a consequence 
of a second process, distinct from pure 
stimulus generalization. When stimuli 
are readily analyzed into perceptually 
isolated dimensions and values, it was 
argued, Ss tend to narrow their attention 
to only those dimensions that are rele- 
vant for the given classification. The 
extent to which they generalize across the 
unattended dimensions then drops below 
the level that would be predicted from 
identification learning (where all dimen- 
sions are relevant). Now the present 
stimuli are clearly less analyzable, in this 
sense, than the stimuli used in the earlier 
experiment. For example, Ss immedi- 
ately say of two triangles—one large and 
black, the other small and white—that 
they differ in two respects (namely, size 
and color). But, when Ss are shown two 
colors from the present experiment, they 
typically report simply that the two 
colors are “different shades of red," or 
that one looks like “tomato soup" while 
the other is more “rose colored." If 
such stimuli are not analyzed into com- 
ponents, then, the errors during classi- 
fication learning should be largely ac- 
counted for in terms of the pair-wise 
confusions between stimuli as determined 
from identification learning. The rela- 
tive success of the prediction with the 
color stimuli is therefore construed as 
lending further support to the arguments 
already put forward, tentatively, in the 
earlier report. 

Since the deviations of the points from 
the prediction line in Fig. 3 are evidently 
not exclusively attributable to statistical 
fluctuations, however, the tested inter- 
pretation of the principle of generaliza- 
tion apparently does not capture all that 
is going on even when the stimuli are 
restricted to colors. The most obvious 
pattern in the present departures from 
prediction is that the overall slope of the 
obtained points seems greater than 
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predicted. Interestingly, this is the 
most striking discrepancy that emerged 
in two earlier attempts to predict from 
the same generalization model (Shepard, 
1961; Shepard et al., 1961, р. 27). This 
suggests that, over and above pure 
stimulus generalization, a second general 
process (perhaps Something like ab- 
straction) entered into all three of these 
studies—but, as anticipated, to a dras- 
tically reduced extent with the present 
color stimuli. The plausibility of this 
conjecture may be increased by noting, 
in Fig. 2, that the easy classifications 
tend to differ from the difficult ones in 
that their points can be roughly parti- 
tioned into the two subclasses simply by 
drawing a straight line through the two- 
dimensional Space. Conceivably, under 
this condition the Space becomes some- 
how “polarized” and, hence, renders the 
relevant direction (or dimension) through 
the space more salient. Much as in 
abstraction, then, the task would reduce 
to learning a division of the stimuli into 


two clusters along that single dimension. 
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EAR PREFERENCE IN AUDITORY PERCEPTION 


m 


M. P. BRYDEN 
McGill University 


In a dichotic listening experiment, normal adult Ss identified numbers 
presented to the right ear more accurately than numbers presented to 
the left ear and preferred to report the material from the right ear first. 
To evaluate the effect of order of report a further experiment was per- 
formed (N = 32) in which Ss were instructed to report each channel first 
equally often. When 3 or 4 digits were presented to each ear, most Ss 
identified material from the right ear more accurately than material 


from the left ear. 
difference was not observed. 


When 5 digits were presented to each ear, this 
The findings suggest that the auditory 


system is better organized for the perception of verbal material pre- 


sented to the right ear. 


In a recent paper, Kimura (1961) 
reported that both brain damaged 
and normal Ss are more accurate in 
Teporting material presented to the 
right ear in a dichotic listening ex- 
Deriment (Broadbent, 1954). Using 
the same procedure, the present 
author has obtained data from 92 
Normal Ss. Fifty-four of these were 
more accurate in identifying material 
Írom the right ear, while only 20 were 
better on the left ear (p < -001, 
binomial test). 

Most Ss tended to report the 
Material from the right ear before 
giving that from the left. Since 
Broadbent (1957) has shown that Ss 
are more accurate in identifying 
Material from the first channel re- 
Ported, it seemed possible that the 
right-ear superiority resulted from 
this preference for reporting the 
Material from the right ear first. To 
test this hypothesis, а product-mo- 
Ment correlation between the propor- 
tion of trials on which S began on the 
right ear was calculated. Omitting 
Ss who identified all the material 

. Correctly on all the trials, the correla- 
tion was .48 (№ = 79, p < .001). 
1 The research of this paper was supported 


by the Defence Research Board of Canada, 
Grant No, 9401-11. 


The above finding indicates that 
one reason for the superior accuracy 
in reporting material presented to the 
right ear is that Ss forget the material 
presented to the left ear before they 
have a chance to report it. lt should 
be possible to eliminate this factor by 
controlling the order of report so that 
each channel is reported first equally 
often; any remaining right-ear su- 
periority could then be attributed to a 
true perceptual difference. An experi- 
ment was therefore carried out to 
accomplish this. 


METHOD 


Thirty sequences, using the numbers from 
1 to 10, were prepared in such a way that 
when played on a stereophonic tape recorder 
(Philips Model 3536A) through earphones 
(Koss Model SP-3), one number was heard 
at the left ear at the same time a second, 
different number was heard at the right ear. 
There were 10 sequences of three pairs, 10 of 
four pairs, and 10 of five pairs; all were 
presented at the rate of two pairs per sec. 

A total of 32 college undergraduates were 
used as Ss. None had any hearing impair- 
ment of which they were aware. In order to 
ensure that identification differences were a 
function of the Ss and not of the recording, 
half the Ss heard Channel 1 of the recording 
in their left ear and half heard it in their right 
ear. In addition, the order of presenting the 
material and of instructing the order of 
report were counterbalanced. 
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All Ss were instructed to report all the 
material they heard in one ear before reporting 
any they heard in the other ear. Half the 
time it was the left ear they reported first 
and half the time the right ear: each of the 30 
digit sequences was heard once under each of 
these conditions. In Scoring the data, .Ss 
were credited with a correct response when- 
ever they identified a number that had 
actually been presented, whether or not they 
were successful in following the ordering 
instructions. However, a detailed record of 
errors in order of report was kept. 


RESULTS 


Table 1 shows the mean number of 
digits identified under each condition 
for the two orders of report combined. 
Each S can be classified as to whether 
he was more accurate in reporting 
material from the left ear or from the 
right ear. These data are also shown 
in Table 1. In the three- and four- 
pair conditions, a binomial expansion 
reveals that significantly more Ss 
were superior in identifying material 
presented to the right ear than would 
be expected by chance, Such a differ- 
ence does not appear with five pairs of 
numbers. 

The Ss were not entirely successful 
in using the instructed order of report, 
Particularly when there were five 
pairs of numbers, Table 2 shows the 
frequency with which Ss reported one 
or more numbers from the second ear 
before reporting all the numbers they 


eventually reported from the first ear. 


TABLE 1 


Comparison BETWEEN Accuracy OF 
IDENTIFICATION FOR LEFT 
AND RIGHT Ears 


Digits Correctly Identified 


No. Ss 
Cond. | Lert Ear | Right ваг | Better on 
Mean] SD | Mean! sp | rer | right 
Three-pair | 55.25 | 3.51] 56.09| 4.99| ^s | zor 
Four-pair | 61-81 | 10.55 | 65.22 | 1079 | 5 23% 
Five-pair | 63.97 9.48 | 64.63 | 11.90 15 17 


* Left-right difference; p < :05; two-tailed binomial 
test. 
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TABLE 2 


FREQUENCY OF ERRORS IN ORDER OF REPORT 


Mean Errors 


Cond. 
Three-pair 1.19 1.03 2.22 
Four-pair 2.16 1.66 3.81 
Five-pair 4.13 3.89 8.03 
Total 748 6.58 14.06 


There is a slight tendency for Ss 
to make more errors in order of report 
when instructed to give the material 
from the left ear first. To ensure that 
this increased frequency of errors was 
not responsible for the right ear 
superiority demonstrated in the three- 
and four-pair conditions, the data 
were reanalyzed to include only those 
trials on which no error ir 
report was made, 
ence between left- and right-ear 
Scores was calculated lor those error- 
less trials on which S reported the left 
ear first, and for the trials on which 
he reported the right ear first, These 
two figures were then averaged, for 
each 5 Separately, to give a measure 
of right-ear Superiority unbiased by 
order of report. This measure is 
positive when $ is more accurate on 
the right, and negative when he is 
better on the left. The mean value 
of this difference Score is shown for 
the various conditions in Table 3. 
A similar score for all trials, whether 
ОГ not errors of order were made, was 
determined by calculating the left- 
right difference per trial. This is also 
Shown in Table 3, as are comparable 
figures from an earlier free recall 
experiment, 

Even when only 
n0 error was m 
are used, Ss ter 
in identifying 
the right ear. 


1 order of 
The mean differ- 


the trials in which 
ade in order of report 
id to be more accurate 
material presented to 

With four pairs of 
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numbers, 23 Ss are better on the right 
and 9 better on the left (p — .02); 
this is about the same proportion of 
Ss that are better on the right under 
free recall conditions. With three 
pairs, 16 Ss are better on the right, 
8 on the left, and 8 show no difference. 
While this does not reach statistical 
Significance (p — .15), the trend is in 
the expected direction and so few 
errors of identification are made that 
some of the left-right differences may 
be fortuitous. Finally, there is no 
difference in accuracy between left 
and right ear for the five-pair con- 
dition: 16 Ss are better on the left 
and 16 better on the right. When five 
Pairs of numbers are presented, 5 has 
More material than he can handle. 
In this condition, a great many errors 
in order of report occur. Even when 
the order is correct, S often switches 
from one channel to the other after 
giving only one or two digits, or 
alternatively, reports material from 
Only one channel. The failure to 
Observe any left-right difference under 
this condition might well stem from 
the confusion produced by such a 
large amount of material. 

The data of Table 3 also indicate 
that left-right differences obtained by 
Instructing order of report are much 
smaller than those obtained with free 
recall. ‘This would be expected, if 


TABLE 3 


MEAN DIFFERENCES IN ACCURACY BETWEEN 
Виснт AND LEFT EARS IN 
DirrERENT CONDITIONS 


Cond. 
КЕШЕ... c 
Order of Report Three- | Four- Five- 
Pair | Pair Pair 
Free recall 487*|.417*| .875 


nstructed, all trials | .042* Atir .033 


Dstructed, errorless 


trials only 018 |.151*| —.098 


* 


tai Моге Ss are superior on the right; р < 05; two- 


ed binomial test. 


there were a bias produced by more 
frequently reporting. the right ear 
first. 

DISCUSSION 


The data presented in this paper 
demonstrate several points. First of all, 
the right-ear dominance in dichotic 
listening tasks reported by Kimura 
(1961) has been verified with a sizeable 
group of normal Ss. Secondly, this right- 
ear superiority has been shown to be 
related to a preference for reporting the 
material presented to the right ear first: 
to some extent, accuracy in identifying 
material presented to the left ear is in- 
ferior because there has been more of an 
opportunity to forget this material. 
Finally, right-ear dominance has been 
shown to exist even when order of report 
is controlled. 

The interpretation offered by Kimura 
(1961) would seem appropriate to these 
data. It seems plausible to assume that 
the right-ear superiority observed when 
order of report is controlled is due to a 
true perceptual difference, perhaps spe- 
cific to verbal material. According to 
this hypothesis, material presented to the 
right ear would more actively excite the 
appropriate trace systems in the cortex. 
As a result, the traces of the material 
presented to the right ear would take 
longer to fade below response threshold, 
and thus could be more accurately re- 
ported toward the end of the response 
sequence than could material presented 
to the left ear. Furthermore, such 
differences in trace activity could also 
provide а basis for reporting the right 
channel first; S may select the stronger 
of the two alternatives to begin re- 
porting with. 
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EFFECTS OF PROBABILITY OF REWARD AND SPEED REQUIREMENT 
ON HUMAN PERFORMANCE! 


SHEILA G. ZIPF 
University of California, Berkeley 


provement in speed relative 


Both variables have a significant effect on 
The PrR has a linear effect while Req has both linear and 


quadratic components. It is suggested that the effect of Req is similar 
to the increasing then decreasing amount of performance found with 


increasing activation. 


Zipf (1961) has reported a positive relation 
of required speed (Req) and performance and 
a possible positive relation of probability of 
reward (PrR) to performance. In the present 
experiment, more levels of each of these 
variables were examined. The six levels of 
Req utilized were: 1.0, 1.2, 1.4, 1.6, 1.8, and 
2.0 times the practice level. The six levels of 
PrR were: 0 (no mention of a reward), .2, .4, 
-6, .8, and 1.0 chance of receiving $2 if the 
required speed were achieved, 

Method.—The general procedure was simi- 
lar to that of the Previous study. The task, 
however, was tapping three holes per circle 
Оп a page with 100 circles. See the tapping 
test in MacQuarrie (1927). А different sheet 
was used for each tria]. Trials were 10 sec, 
long with a 15-sec. intertrial interval. Rest 
periods were 5 min. long. The Ss, 108 men 
and women from introductory Classes in 
psychology at the i i 
Were tested individ, 
on the meaning of probability. 

The order of events was as follows: Trials 
1-40, rest; Trials 41-45, rest during which 


! This investigation was supported by a Postdoctoral 
"llowship (MF-9450) from the National Institute of 
lental Health, Public Health Service and was con- 
ucted at the University of California, Berkeley. The 
riter wishes to express appreciation to Richard 
tutchfield who sponsored the Tesearch and to the 
'epartment of Psychology for the facilities provided, 


Success was made and all incentives were $2. 


A Req of 2.0, for example was described as 
follows, 


“On the last 5 trials, your average 
was about 15 circles, On the next trial, 
which will also be 10 sec. long, I would like 
you to go two times as fast as that. That is, 
I would like you to make three taps in at least 
30 circles on the next tria." Italicized items 
were filled in by E. 
Trial 41 was used as the measure of base 
rate To, Trial 46 is the test trial, Т, and the 
fastest of Trials 46-51 was taken as the upper 
limit performance Tų. The index of perform- 
ance used was T, — To/Tu — To, or improve- 
ment in speed following Req and PrR in- 
structions relative to possible improvement. 
Neither Ty nor Tu were significantly related 
to the experimental conditions. 
Results.—To correct a significant non- 
omogeneity of variance, the performance 
index was transformed to Log(X ++ 2). 'The 
analysis of variance on these Scores is sum- 
marized in Table 1. The required speed of 
performance is highly significant and has both 


linear and quadratic components. The 
anticipated linear effect of PrR just reaches 
significance. The two variables do not 
interact. 


an motor performance 
with increasing activation, Activation was 
ions to improve per- 
of incentives, 
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TABLE 1 


ANALYSES OF VARIANCE OF TRANSFORMED 
PERFORMANCE SCORES 


Source | df | MS | F 
Requirement (Re: 5: 
in pent Rem o 052 | 13.00% 
Quadratic 1 085 21.25** 
Residual 3 006 1.40 
Probability of Reward 
„(РгК) (5) 

Linear 1 016 ea 
esidual 4 .004 A 
Req X PrR 25 1004 1.00 
Error 72 .004 

Note.—Log Ту = re +2. 
sa, 
ERN 


The major deviation from linearity of the 
PrR effect is the relatively high performance 
of the Ss who were told nothing about a 
reward. Perhaps no reward should not be 
Placed on the same dimension as PrR. 

The performance index T. — To/Tu — To 
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had been selected prior to collecting data as a 
method of controlling individual differences 
in ability and initial motivation on the task. 
The analysis of Table 1 was also performed on 
Т, and on the ratio T:/To which was used in 
the earlier experiment. The linear com- 
ponent of PrR is not significant with either 
of these indices. The quadratic component 
of Req is significant with both but the linear 
component is significant only with Te. The 
new index appears to be a more sensitive 
measure than either the absolute score or the 
simple ratio score. 


REFERENCES 


MacQvarriz, T. W. A mechanical ability 
J. Personnel Res., 1927, 5, 329-337. 

STENNETT, R. G. The relationship of performance 
level to level of arousal. J. exp. Psychol., 1957, 54, 
54-61. 

іре, S. С. The effects of amount of reward, require- 
ment, and several related probabilities on human 
performance. J.exp. Psychol., 1961, 62, 503-509. 


test. 


(Received January 2, 1962) 


PARALLAX AND PERCEIVED DEPTH! 


OLIN W. SMITH AND PATRICIA CAIN SMITH 


Cornell University 


The adequacy 
and a continuous gra' 
perceived depth and 
children and adults. 
in depth was регсеіу 
Ss except one. 1 
Madeteriinate The perceived sl 


by parallax. No developmental diff 


Gibson, Gibson, Smith, and Flock (1959) 
tested a “two-velocity’ motion parallax 
(Type 1), and a graded flow of velocities 
(Type 2) as stimuli for perceived depths and 
distances, For both types, an eye and a point 
ight source were placed symmetrically at 
equal distances on either side of a translucent 
Screen, For Type 1, two plastic panels, 
dusted with talcum powder, were placed 
Parallel to the screen at different distances 
etween light and screen. Movement of the 
Panels parallel to the screen produced two 
Sets of shadows, each having a different 
translatory velocity. Type 2 was generated 
by substituting for the dual panels one paint- 
Spattered panel tilted toward the screen at 


'This research was supported in part by Public 
Health Service Grant No. B-1586 (C2) to Cornell 
University by the National Institute of Neurological 

'seases and Blindness. 


the combination of a loc 
n dient of horizontal velocities as a stimulus for 


distance between 2 surfaces was tested on 182 
A shadow caster was used. Order of the surfaces 
ed as would be predicted by motion parallax by all 
The distance of separation in depth of the surfaces was 
lant of the surfaces was not as predicted 
‘erences were observed. 


*two-velocity" motion parallax 


an angle of 45°. The carriage for this panel 
moved parallel to the screen, thus producing 
a continuous gradient of velocities increasing 
from top to bottom of the screen. Depth was 
perceived by all 46 Ss on Type 1, and by 45 
of 49 Ss on Type 2. Two surfaces were 
perceived as parallel by all Ss on Type 1 
while the 45 55 on Type 2 who perceived 
depth saw the surface as slanted. The 
absolute magnitude of the perceived depths 
was indeterminate for both types. 

'The perceived order in depth of the two 
sets of shadows of Type 1 was not consistent 
within or between Ss; moreover, not all Ss 
perceived the surface of Type 2 as slanted. 
А combination of the two types of stimuli 
using two slanted, moving surfaces was 
predicted to remove these ambiguities since: 
(a) all 5з perceived the surfaces of Type 1 
as separated in depth, while (b) no reversals 
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of slant of the surface of Type 2 were noted. 
A test of the above prediction is reported 
here. Children as well as adults were tested 
in order to assess possible differences in 
perception attributable to differences in age. 

Method.—On a transparent screen, opaque 
paper framed an opening which subtended to 
the eyes of S at 48 in. horizontal and vertical 
angles of 46°4’ and 28°4’, respectively. А 
12-16 v., de, 32-cp, automobile bulb was 
placed behind the screen at 48 in, sym- 
metrically with the eyes. From .S's Position, 
overall illumination of the aperture was about 
5 ft-c (slightly greater in the center). Two 
parallel plastic panels, 36 in. long and 12 in. 
high, each dusted lightly on one side with 
talcum powder, were mounted 8 in. apartona 
carriage which moved parallel to the screen. 
When the carriage was centered, the line from 
light to eyes bisected the panels vertically 
and horizontally. The point midway between 
the panels was 24 in. from the light. The 
eye-light line made a horizontal angle of 79? 
with both panels. 

The carriage traveled to and fro about 17 
in. in each direction at an angular rate of 
circa 2?30'/sec. Two sets of shadows were 
cast, each of which included a different graded 
flow of horizontal velocities, thus constituting 
а combination of Types 1 and 2. The © 
observed with unshielded binocular vision in 
а darkened room. The light source was 
activated only after the carriage was set in 
motion. 

Preliminary 
(a) static panels 
depthless surf. 
difficulty in 
front even w a 
An equilateral triangle, 
therefore fixed on the center of the panel 
Two paper fish, 1} in. 
chosen for interest to 
attached to the other panel. 
One was located horizontally in the middle 
and 2 in. from the top. The Second was 
displaced 14 in. from the horizontal midpoint, 
5 in. below the top. i 


The Ss were drawn from the Cornell 
community: 97 children evenly distributed 
in age (60-143 mo.) and 85 "adults" (12-42 
yr. of age). Each 5 was first instructed to 
describe what he saw. If he did not comment 
on the order in apparent depth of the triangle 
and fish, he was asked if they appeared to be 
at the same distance from him. Given a re- 
sponse that one appeared in front, E in- 
structed .S to designate on а yardstick the 
extent of the apparent separation. 

Results and discussion.—Most children and 
adults reported voluntarily that the fish 
appeared to be in front of the triangle. Upon 


induced perceptions of a flat, 
асе, and (5) young children had 
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questioning, 96 out of 97 children and all 
adults gave this report. The combination of 
the two types of parallax removed the 
spontaneous reversals of the front-back 
relationships of the two surfaces as reported 
Previously for Type 1 parallax. 

The apparent distance of separation of the 
surfaces was indeterminate, as in previous 
studies. The Ss were forced to guess, result- 
ing in judgments with small means about 
equal to the SDs. 

No differences in perceptions attributable 
to differences in age were detected except that 
children were apt to report the fish as 
swimming. 

The flow of velocities across the horizontal 
extent of the screen was ineffectual as a 
stimulus for perceptions of a slanted surface. 
These results are incompatible with those 
reported above for Type 2 parallax and 
indicate that the continuous gradient of 
motions proposed by Gibson, Olum, and 
Rosenblatt (1955) as a stimulus for perceived 
slant-depth lacks generality and may be 
situationally specific. 

Motion parallax is a generic term sub- 
suming all instances of parallactic motions. 
At present, published taxonomies do not exist 
for: (a) different types of these motions, 
(b) Physical situations which cause these 
motions, and (с) perceptions for which com- 
binations of a and b may be sufficient. Con- 
sequently, it seems unlikely that the findings 
of any one experiment on a particular type 
of motion can possibly be conclusive for all 
instances of parallax, 

The results of this experiment in con- 
junction with those of Gibson, Gibson, Smith, 
and Flock (1959), and Smith and Smith 
(1961) demonstrate that the only general 
statement which holds for both perspectivities 
and perspective transformations containing 
parallactic motions (see Adler, 1958) is that 
they may be stimuli sufficient for perceived 
motions. Motion parallax without further 
Specification does not insure perceptions of: 
(a) depth, (b) distance, (c) order of surfaces 


in depth, or (d) the slant or curvature of 
surfaces, 
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HUMAN HEART RATE RESPONSE 


INDUCED ANXIET 


S DURING EXPERIMENTALLY 
/: A FOLLOW-UP 


R. STEPHEN JENKS! лхо GEORGE E. DEANE? 


College of 


Wooster 


Base-level measurements of cardiac activity were made while Ss watched 
the sequence of Numbers 1 through 12 appear on a memory drum. Half 


of the Ss were then told to expect 
extremel 
Ss recei nd half of 
received no noxious stimulus. 

during Numbers 1 through 6 and 
through 10. The amplitude of the 
dependent upon whether or not the 


shock and half told to expect an 


v loud tone during Number 8, 9, or 10. Half of the shoc 
the tone Ss received 1 tone. 
All Ss showed an acceleration in rate 

a deceleration during Numbers 8 
acceleration or deceleration was not 
noxious stimulus was received, but 


Other 


the shock-anticipation group showed greater acceleration than the tone 


group. 


In an earlier study Deane (1961) showed 
that when Ss were told to expect shock during 
the number 10 in a sequence of visually 
Presented numbers from 1 to 12 the heart rate 
accelerated early in the number series and 
decelerated at the point where shock was 
Expected. The present study is designed to 
Answer the following questions: (а) Are the 
acceleration and deceleration noted in the 
Previous study specific to the use of shock as 
the noxious stimulus or will a loud tone have 
the same effect? (b) 15 the deceleration a very 
rief effect which might be associated with a 
Short respiratory gasp just before the noxious 
Stimulus is expected, or can the period of 

*celeration be extended by informing the 5 
to expect the noxious stimulus over a more 
extended period of time? 

Method.—The Ss were 60 male students 
at the College of Wooster. A Grass Model 5 
Polygraph was used to record heart rate and 
to indicate the sequence of numbers presented 
9n the memory drum at the rate of one every 

Sec. The shock was of 1-sec. duration and 
Was supplied by an Applegate Model 288 
Constant current stimulator set to deliver 

5 ma, The 1-ес, tone of 1600 cps which 
Was delivered through a pair of WROL Model 
5-130 crystal headphones was generated by a 
Heathkit Model AG-9A signal generator set 
9r maximum output. 3 

ase-level measurements were made as in 
the earlier study and at the end of the tenth 
base-level presentation E gave S one of two 
Sets of instructions. In Groups A and B each 
5 was instructed that now sometime during 
One of the numbers 8, 9, or 10 he would 
receive an electric shock on his fingers. He 

; Now at Case Institute of Technology. 

Now at Harpur College. 


was told that he might not receive a shock on 
every trial and, in fact, Ss in Group A received 
only one shock during Number 10 on the first 
of six trials, and Ss in Group B never re- 
ceived a shock. In Groups C and D each S 
was instructed that now sometime during one 
of the numbers 8, 9, or 10 he would hear an 
extremely loud and unpleasant tone through 
the headphones. He was told he might not 
receive the tone on every trial, and, in fact, 
Ss in Group C received only one tone during 
the number 10 on the first of six trials, and Ss 
in Group D never received a tone. 

Results and discussion.—ln Fig. 1 are 
plotted the results for each of the four groups. 
At Stimuli 1 — 6 is plotted the mean rate 
during presentation of these numbers. At 
each of the points 7 through 12 is plotted the 
mean rate of the middle three beats occurring 
during presentation of these numbers. In 
every case the solid line with the filled circles 
isa mean of the last three base-level presenta- 
tions (B8-10), the solid line with the open 
circles is a mean of all six trials (T1-6) when 
a noxious stimulus was anticipated, and the 
solid line with the filled squares is a mean of 
the last five trials (T2-6) when a noxious 
stimulus was anticipated. 

Figure 1 indicates that for all groups the 
effect of instructions regarding an impending 
noxious stimulus was to accelerate the rate 
over the base level during the first six stimulus 
numbers. Ап analysis of variance was per- 
formed on the mean cardiac rate of all Ss 
during Stimuli 1 through 6 for the mean of 
Trials B8-10 and T1-6. Table 1 shows that 
the Trials effect is significant at better than 
the .005 level. Figure 1 also indicates that 
the amount of acceleration was greater for 
the groups given shock instructions than for 
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the groups given tone instructions. This is 
supported by the Trials X Instructions inter- 
action which is significant at better than the 
.05 level. In order to show that the tone 
instruction groups alone did exhibit a signifi- 
cant acceleration over the base level a ! test 
was made between the mean rate during 
Trials B8-10 and the mean rate during Trials 
T1-6 for Groups C and D combined. This 
resulted in £(29) = 4.17; p < 01, two-tailed. 
The significant Instructions effect indicates 
that over all trials the groups given shock 
instructions had a higher mean rate. 

Figure 1 also shows that for all groups 
there was a deceleration in rate on Trials 
T2-6 during Stimulus Numbers 8, 9, and 10 


e—e В 8-10 
о—о TI-6 


=—а T2-6 


о 
о 


where the noxious stimulus was anticipated. 
Ап analysis of variance was performed on the 
mean difference scores (mean rate during 
Stimuli 4, 5, and 6 minus mean rate during 
Stimuli 8, 9, and 10) for Trials T2-6. Trial 
T1 was omitted from this analysis since two 
groups actually received the noxious stimulus 
on this trial, causing an additional disturbance 
in rate during Number 10. Table 1 shows 
that the Number effect is significant at better 
than the .005 level. The nonsignificant 
Number X Instructions interaction indicates 
that the amount of deceleration was as great 
for those Ss given tone instructions as for 
those given shock instructions. 


! The signifi- 
cant Instructions effect ag. 


ain indicates that 
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Fic. 1. Mean cardiac rate during the number stimuli with tria 


TABLE 1 
ACCELERATION AND DECELERATION EFFE! 


ANALYSIS OF VARIANCE OF 


Acceleration Effect Deceleration Effect 
Source df F Source df F 
Between Between 
Instructions (1) à E rd 1 8.725 
Stimulation (S д 0.4 
4 mM 1 0:07 1х8 1 002 
Error (М5) 56 (21088.40) Error (М5) 56 (21896.93) 
Within T Within d 
rials (T. 1 41.39 Numbers (N) 1 76.18% 
Tee 1 5.12* N XI 1 p 
T XS 1 0.77 N XS 1 0:01 
T XIXS 1 1.53 NXIXS 1 0:01 
Error (М5) 56 (1186.88) Error (MS) 56 (43475.66) 
* 
b «.05. 
ә c1. 
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during all stimulus numbers the rate for the 
shock-instruction groups was greater than 
for the tone-instruction groups. None of the 
interactions was significant. 

The present study provides further evi- 
dence that there are two opposing heart rate 
responses during experimentally induced 
anxiety and also indicates that these effects 
are not specific to the use of shock as the 
noxious stimulus. The lines with the open 
squares in Fig. 1 show the results of Groups 
A and B in the earlier study who were told 
to expect shock only at 10. In both studies 
the deceleration persisted during all numbers 
where shock was expected, or for a period 
from 3 sec. in the previous study to 9 sec. 
in the present one. Although Westcott and 
Huttenlocher (1961) showed that a respira- 
tory gasp yields a consistent pattern of rapid 
acceleration followed by a deceleration reach- 
ing a minimum rate in about 6 sec., it would 
seem unlikely that this would account for the 
deceleration noted in both stud 
Deane and Zeaman (1958) have previously 
reported that neither respiratory rate, am- 
plitude, nor percentage of time inhaling seems 
to be related to the acceleration and decelera- 


ies. Moreover, 
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tion observed under the present conditions. 
The results of Groups B and D indicate again 
that verbal instructions regarding when to 
expect the noxious stimulus are sufficient 
to produce both cardiac effects without ever 
administering the noxious stimulus itself. 
The present results seem to lend support to 
the hypothesis that when .S expects to receive 
a noxious stimulus a state of anxiety with its 
associated response of cardiac acceleration is 
aroused; and, in addition, if the .S expects the 
noxious stimulus at a particular instant in 
time а state of fear with its: ssociated response 
of cardiac deceleration is aroused immediately 


Prior to and during the time the stimulus is 
expected. 
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In a forced choice t 
ranged in p: 
from .004 to .512 sec. anc 


ask, 5 Ss chose between linear displays of dots ar- 
airs or evenly spaced presented at 8 exposure times ranging 
1 8 intensities ranging from .09 to 11.84 mL. 


Intensity had little effect on accuracy. Accuracy was largely a function 


of exposure 
distance between to wit 
absence of stimuli was 
and independent of rel 1 
the assumption that perception 
indicate that relative spatial dist 
of differentiation. 
perception is proposed. 


Previous evidence suggests that 
When visual stimuli are presented at 
Very brief exposure times (ET) they 
are seen as less differentiated than at 
longer ETs (Bender, 1938; Flavell & 

Tagnus, 1957; Kaswan, 1958). This 
effect has been interpreted to indicate 

Jat perception develops and becomes 
ifferentiated as a function of in- 
‘reasing ET—a process termed “mi- 


fri "This study was supported by a grant 
Om the National Science Foundation 
(G-9589), Part of the data contained in this 
paper was presented at the 1961 American 
aug ological Association meetings. The 
tio, ors would like to express their apprecia- 
The to George Boroczi for helping to run Ss. 
Wes generous availability of the facilities of the 
st Stern Data Processing Center was of sub- 
?ntial help in data analysis. 


time and, for paired designs, the amount of relative spatial 
hin pairs of dots. Detecting the presence or 
a joint function of exposure time and intensity 
ative spatial distance. 
becomes differentiated over time, and 
ance can be used as a stimulus measure 
A 2-phase process of the temporal development of 


The findings support 


crogenesis" by Flavell and Dragnus 
(1957). 

Systematic investigation of this 
differentiation process requires the 
specification of the spatial stimulus 
parameters along which such differ- 
entiation may occur. Following pre- 
vious work (IXaswan, 1958), variations 
in distance between dots arranged in 
a line are considered the relevant 
parameter in the present study. The 
specific measure of this parameter 
can be best illustrated with the stimuli 
used. When the distance between 
alternate dots is varied by a constant 
amount, pairs (Pr) of dots are gener- 
ally perceived (see Pr designs, Table 
1). The difference in distance between 
pairs relative to that within pairs is 
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considered the spatial stimulus param- 
eter relevant to perceptual differentia- 
tion. This parameter will be called 
relative spatial distance (RSD). Since 
the distance between pairs increases 
from Design Pri to Pr2 to Pr3 while 
the distance within pairs remains con- 
stant, these designs should reflect in- 
creasing facilitation of perceptual 
differentiation. In the evenly spaced 
(Ev) designs, the absolute distance 
between dots increases from Design 
Ev1 to Ev2 to Ev3, but the distance 
between dots within each design 
remains constant. Evenly spaced 
designs are therefore considered homo- 
geneous with respect to variations in 
distance. 

The assumption that less spatial 
differentiation is seen with decreasing 
ET implies that differences in spacing 
within a Pr design will be seen less 
frequently as ET is decreased. Thus, 
when Ss are shown a Pr design with 
an Ev design as the alternative, the 
Pr design should be more often re- 
ported as Ev as ET is decreased. 
Since the Perception of homogeneous 
Spacing presumably occurs first in 
time, a high level of accuracy should 
be found for Ev designs even when 
ETs are brief, Thus, the difference 
in accuracy between Ev and Pr 
designs should be maximal at short 
ETs and should decrease as ET be- 
comes longer. Further, the greater 
the relative Spatial differences (RSD) 
between components in a design, the 
briefer should be the ET required to 
make it appear evenly spaced. Ac. 
cordingly, it is assumed that the 
amount of time required for Correct 
discrimination of a Pr design should 
increase in the order Pr3, Pr2, and 
ВИ; 

It is conceivable that the proposed 
interaction of ET and RSD is not 
specifically a function of time but of 
the total energy of stimulation, which 


would involve as parameters both ET 
and degree of illumination. In fact, 
the evidence points to considerable 
reciprocity of intensity (1) and ET in 
the determination of perceptibility, as 


illustrated by the Bunsen-Roscoe law . 


(e.g., Hunter & Sigler, 1940). This 
study is designed to explore the possi- 
bility of such reciprocity for stimuli 
whose components vary in relative 
spatial distance (RSD). 


METHOD 


Subjects—Five paid male Ss ranging from 
21 to 29 yr. of age, were used in the experi- 
ment. The Ss were UCLA seniors and 
graduate students and had some sophistica- 
tion in psychology, but none had any concep- 
tion of the purpose of the experiment. Опе 5 
had minimal previous experience 
toscopic presentation. 
20/30 uncorrected vision. 
Apparatus.—An electronically 
chistoscope was constructed for the experi- 
ment from a design similar to one used by 
Smith, Spence, and Klein (1959). Briefly, 
this instrument uses timed gi 
a logic system to 


with tachis- 
All Ss had at least 


timed ta- 


ating circuits and 
provide for sequential 
presentation and independent timing of the 
fields. The apparatus was modified by the 
addition of a 1450-y, de, 230-ma. full wave 
selenium power supply which was heavily 
loaded to provide 30 ma. of relatively pure 
direct current to each of the fields, Each 
field contained two vertically mounted 8-in. 
4500°-K mercury argon lamps coated with 
magnesium tungstate and other short decay 
Phosphors which were manufactured by the 
Aristo Corporation. With these improve- 
ments, it was found that a rectangular light 
pulse, with rise and decay times of approxi- 
mately 250 usec. could be obtained at exposure 
times as low as :004 sec. А Switching system 
was added to allow rapid selection of the 
experimental exposure times. Continuous 
monitoring and calibration of the light output 
of the tachistoscope were obtained with a 
photomultiplier input to an oscilloscope. 
"he photomultiplier was located directly 
below the eyepiece, 
Two fields were used 
a stimulus field. Semi 
both fields provided 
a discrete but minir 
The two fields wer 
an unattenuated 
measured with 


» à fixation field and 
opaque field stops in 
an 8-in. square field with 
mally contrasting border. 
€ matched for color and 
intensity of 11.84 mL. 
a Spectra brightness spot 
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meter (Photo Research Corporation). In- 
tensity was attenuated by insertion of neutral 
density filters directly in front of the eyepiece, 
so that light output from the two fields was 
always identical. 

Both the fixation and stimulus field were 
40 in. from the eyepiece. A chin rest and close 
fitting face mask were used to insure minimal 
head movement. All viewing was binocular. 
- l'he fixation field contained two horizontal 
iin. black dashes on a flat white surface 
located so that they would fall just inside the 

order and an equal distance on either side 
of the stimulus when the two fields were 
Superimposed. 
98 Stimuli — ix stimuli were used (see 
Table 1). Each contained a single horizontal 
line of X-in. diameter black dots centrally 
located on flat white cards, The maximum 
visual angle subtended by a line of dots was 
to either eye. Two basic linear arrays 
of dots, one evenly spaced and one paired, 
Were used, Three paired patterns were ob- 
tained by successively doubling an increment 
în the distance between pairs. Corresponding 
Evenly spaced patterns were obtained by 
Spacing dots the average of the distance 
etween and within pairs in the paired pat- 
terns. The dimensions of the stimuli are 
Siven in Table 1. м 

Procedure-—The experiment began with 
two practice sessions in which Ss were shown 
Only Designs Ev3 and Pr3 (Table 1). Each 
design was presented at eight different ETs 
at each of eight I's using the method of 
constant stimulus. The ETs were succes- 
sively doubled from .004 sec. to -512 sec., thus 
ranging from —8 to —1 logs sec. Intensities 
Were successively halved from the maximum 

sminance of 11.84 to .093 mL., p ranging 
rom 3,5 to —3.5 logs mL. In each session, 
ight I blocks of 16 £ ans each (each ET 
9r each design), were presented for a total 
exposures. The order of I blocks was 
randomized with the restraint that the initial 
lock was always in the brighter half of the I 
Tange and that successive blocks were always 
Within two ordinal I steps of each other. 
hese restraints were intended to minimize 
ark adaptation problems. Design-ET com- 
inations were randomized within each block 
With the restraint that each combination was 
ES only once in each block of 16. 
р The Ss were first shown either the Ev3 or 
T3 design and told to hit one of the two 
Microswitch keys, located on either side of a 
inger rest, as quickly as possible whenever 
E 15 design was presented. They were then 
sent the other design and instructed to 
ропа with the other key. A warning signal 
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TABLE 1 


CRITICAL DIMENSIONS OF STIMULUS 


PATTERNS 
Pattern |y, Length | Distance| Cm.^ 
ern | Number К + 
Set | Desig- f Line ve ithi 
et | ation |o Dots | Nom) | Bags | “Bais 
1 16 | 165 | 11 
16 16.5 1.2 1.0 
2 16 17.7 1.2 
16 17.7. 1.4 1.0 
3 14 18.2 1.4 
14 18.2 1.8 1.0 


a For Ev patterns: distance between dots. 


was given approximately .5 sec. before each 
exposure with a manually operated buzzer in 
response to which S was asked to focus 
between the edge markers of the blank field. 
For 3 of the Ss the key on the right side was 
associated with the Ev design, for 2 of the .Ss 
this key was associated with the Pr design. 
The designs were never verbally described 
by either Ss or E until the end of the study. 
If S saw absolutely no indication of a design 
during an exposure (i.e, not even a blurred 
line), he was instructed to hit either key and 
then say the word "nothing" (NO). There 
was an interval of approximately 11 sec 

between exposures within a block of 16 
exposures and 45 sec. between each block 
when I filters were changed. 

The experimental sessions were like the 
practice sessions. Each S was given one of 
the three Ev-Pr sets at each session, with the 
sequence of sets randomized, but all three 
sets were given before one was repeated. 
Each S had 43 sessions of 45 min. each, spaced 
over a 3-mo. period, with from three to five 
sessions per week. Each S thus received 
13-15 replications of each I-ET-design com- 
bination, so that a total of almost 28,090 
responses was recorded for the 5 Ss c» nbined. 


RESULTS 


RSD-ET relations —The relevant 
results are shown largely in Fig. 1а 
and 2a. Percent correct values were 
obtained by dividing the number of 
correct responses by the combined 
number of correct and incorrect 
responses, excluding NO responses. 
There was a total of approximately 
560 exposures for each point in Fig. 1 
(a and b) and 2 (a and b) so that the 
N for each point can be computed by 


116 


JAQUES W. KASWAN AND STEPHEN YOUNG 


2 Е 
-e3 

е 100 z I-Pr3 Ev. 
8 A Eva pis 
= в Pig * x Ev] 
D> во a 

ge А — 

= p с G] A- Pro 
5 то Pry pa AAT 

F " el T “7 £ 

9 60 A 

= © — 9 — 5 0 Pr 
© ex ——— 

$ 

2 40 T н " 

5 A "NOTHING'RESPONSES, А NOTHING" RESPONSES, 

S gs NN RANGE FOR ALL DESIGNS Ses. RANGE FOR ALL DESIGNS 
2 N wf SS Pa 

5 20 \ EST 

N wd 

5 10 N мч 

o NN. 

9$ o — 


-8 -7 -6 -5 -4 -3 -2 
a. Time (logs sec.) 


Fic. 1. Percent correct and percent '* 
a function of exposure time (a) and 
equations.) 


subtracting the product of 560 and the 
percent NO responses from 560 and 
treating the resulting number 
denominator for computing 

correct responses. 


as the 

percent 
The curves shown 
in Fig. 1 (a and b) were obtained by 
fitting cubic equations to the dat 
using the method of least squares. 

Figure 1a shows the percent correct 
Tesponses for each design as a function 
of ET averaged over all I's and Ss, 
As expected, the percent correct 
responses at each ET decreased from 
Design Pr3 to Pr2 to Pri, and 
accuracy to Pr designs increased asa 
function of ET, 

Figure 2a examines the functional 
equivalence of the effect of RSD and 
ET on accuracy which was expected 
from the assumption of the interaction 
of spatial differentiation and ET. To 
facilitate this comparison, the Pr 
designs were constructed so that RSD 
increases from Pri to Pr2 to Pr3 
on the same log basis as do I and ET. 
Thus, as can be seen from Table 1, the 
difference obtained by subtracting 
the distance between pairs from that 


a, 


nothing" responses for 
аз a function of intensity (b). 


34 3 5% ш о 1 2 з 4 


b. Intensity (1095 mL.) 


each of the six patterns as 
(Curves fitted with cubic 


within pairs is 2 mm., 4 mm., and 
8 mm. for Designs Pri, Pr2, and Pr3, 
respectively. Accordingly, these dif- 
ferences, which are the values of RSD 
for these designs, increase on a log» 
Scale. The considerable superimposi- 
tion of curves in Fig. 2a was obtained 
by transposing the Pr design curves 
from Fig. 1a, but taking the initial 
data point at .004 sec. (logs = — 8), 
:016 sec. (log; = — 6), and .064 sec. 
(loge = — 4) for Pr3, Pr2, and Pri, 
respectively. Thus, RSD and ET do 
not show a one-to-one relationship, 
but the results indicate that when ET 
is quadrupled (e.g., .004 sec. to .016 
Sec.) for each successive halving of 
RSD (eg., Pr3 vs. Pr2) a RSD-ET 
equivalence is approached in terms of 
percent correctly perceived. 

Figure 1а also shows the overall 
effect of ET on Ev designs 
a comparison of results for each set of 
Ev-Pr designs (Le., Ev1 vs. Pr1; Ev2 
vs. Pr2; Ev3 vs, Pr3). As expected, 
accuracy to the Еу design of a given 
Set was greater than accuracy to the 
Pr design in that Set, especially at 


and permits 
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Short ETs. Contrary to expectations, 
however, the curves for Ev designs 
tend to follow the order of accuracy 
for Pr designs and show a definite 
growth function, especially at short 
ETs. Since discrimination of Ev 
designs was presumed to temporally 
precede discrimination of Pr designs, 
there was no reason to expect that Ev 
designs should ever be seen as paired. 
Occasional errors would be ascribed to 
Confusion, such as accidentally hitting 
a wrong key, which should be inde- 
Pendent of ET or I so that Ev design 
accuracy curves were expected to be 
horizontal and superimposed. 1а 
Spite of this deviation from expecta- 
“ons, the maximum differences in 
accuracy between Ev and Pr designs 
of each set still occurred at brief ETs 
aS postulated by the differentiation 

Vpothesis, 

RSD-I.—Figure 1b gives percent 
Correct responses for each design as а 
function of | averaged over all ETs 
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and Ss. Itisclear from the horizontal 
curves that changes in I had little 
effect on accuracy so that the ordinal 
relations between designs reflect pri- 
marily the average effect of ET shown 
in Fig. 1a. 

It is obvious that the relationship 
found for ET and RSD as shown in 
Fig. 2a cannot be obtained for I and 
RSD since the I curves shown in Fig. 
1b are parallel and nonoverlapping 
and, therefore, cannot be super- 
imposed by an I scale shift. 

It was found, however, that by 
transposing the Pr curves in Fig. 1b 
and taking initial data points at .093 
mL. (logs =— 3.5), .74 mL. (logs 
= —.5), and 5.92 mL. (logs = 2.5) 
for Pr3, Pr2, and Pr1, respectively, a 
constant difference of about 5% was 
present between all remaining data 
points of the three designs as shown in 
Fig. 2b. This finding suggests that, 
while I, unlike ET, cannot compensate 
for decreases in spatial differentiation, 


b. Intensity 


(logo mL.) 


s a function of exposure time (a) and 


are plotted at values of time and intensity which give the closest 
— k, respectively.) 
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(solid lines) and as a function of 
distribution is plotted to permit 
I XT = k, solid and dashed lines 
in a, data for Pr designs are in b.) 


1 does have a slight effect on 
criminability in 
to RSD. 

1-ЕТ relations. Figure 3 (a and b) 
shows I-ET interactions most clearly. 


dis- 
à regular relationship 


b. INTENSITY (Loc, mL.) 


€sponses as a function of 
intensity within e: 


should be superimposed. 


exposure time within each intensity 
ach exposure time (dashed lines). (Each 
omplementary I-ET log units, so that if 
Data for Ev designs are shown 


Percent correct responses were again 
based on the ratio of incorrect to the 
sum of correct and incorrect responses, 
excluding NO responses. There was 
a total of approximately 210 exposures 
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at each point of these two graphs. 
The number of NO responses can be 
Seen in Fig. 4 and can be used to 
compute the actual № at each point of 
Fig. 3 (a and b). Standard deviations 
at individual points ranged in percent 
from 1.45 at 11.84 mL. and 8 msec. 
to 8.51 at .09 mL. and 8 msec. for 
Ev designs and from 2.35 at 5.43 
mL. and 8 msec. to 7.84 at .18 mL. 
and 4 msec. for Pr designs. The 
Median SD for Ev designs was 2.37%, 
and for Pr designs it was 3.36%. 
Standard deviations at each point were 
estimated by VPQ/N, where P = per- 
cent correct responses, О = percent 
correct responses, and V = sum of 
Correct and incorrect responses. 
lhe bottom scales of these figures 
“re constructed to show the effect of 
ET Within each 1, going from the 
Tightest I at the left to the dimmest 
at the extreme right with ET in- 
creasing from left to right within each 
block. Results are shown with solid 
lines, It is clear that the increase in 
ассигасу as a function of ET at each 
lock is about the same. The scales 
Оп the top of Fig. 3 (a and b) were 
Constructed to show the effect of 1 
Within each ET, with the longest ET 
Ep extreme left, and the shortest 
“lat the extreme right. Intensities 
'Ncrease from left to right within each 
"T block, and results are plotted with 
Ashed lines, Both figures, but es- 
Pecially Fig, 3b, show that ET is the 
'Miting factor for accuracy, since 
Siven long ETs (extreme left) changes 
=з I had no effect, and at the briefest 
1 Т (extreme right) accuracy was not 
proved by increasing 1. At inter- 
wediate block values, the effect of ET 
s always greater than that of I, 
SSpecially for Pr designs (Fig. 3b). 
“hese results held for all designs, 
although the average magnitude of 
accuracy shifted as a function of RSD 
See Fig. 1a). 
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Figure 3 (a and b) was also con- 
structed to assess possible I-ET reci- 
procity, since points on dashed and 
solid lines represent equal I-ET prod- 
ucts (ie. log I + log = k). Thus, 
for example, the first point at the 
extreme left of each graph in the 
solidly drawn curves represents the 
accuracy of discrimination at the 
brightest 1 and the fastest ET. The 
complementary point on the curve 
drawn with dashes reflects the accur- 
acy of discrimination at the longest 
ET and dimmest I. By the nature of 
this method of graph construction, 
two points in each block are always 
superimposed, since they are the same 
I-ET combinations. It is only when 
both ET and I are intermediate values 
that anything approaching I-ET reci- 
procity can be discerned. This tend- 
ency toward reciprocity appears some- 
what greater for Ev (Fig. 3a) than for 
Pr designs (Fig. 3b). 

In addition to greater I-ET reci- 
procity, accuracy for Ev designs also 
changed over a narrower range than 
that for Pr designs. Further, while 
indications of I-ET reciprocity are 
absent at extreme blocks, some effect 
of I on accuracy is present even at the 
fastest ET for Ev but not for Pr 
designs. 

In order to help evaluate the effect 
of 1 and ET on discrimination inde- 
pendent of spatial distance variables, a 
supplementary experiment was carried 
out with the same Ss on completion 
of the main study. They were shown 
either a centrally located 10-mm. 
black dot or a blank field, and required 
to indicate what was shown by de- 
pressing one of two keys correspond- 
ing to the stimuli. Each of the 5 Ss 
was given two exposures of each 
stimulus at each of the I-ET values 
used in the main study, so that there 
was a total of 10 exposures of each 
I-ET combination for each stimulus 
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TABLE 2 


Errors TO BLANK (B) AND Dor (D) Stimutt 
AS A FUNCTION OF I AND ET 


1 
(ML) 
(бес 09 49 .38 
D B D B D B 
.004 9 0 8 1 1 0 
.008 7 1 5 1 1 0 
016 1 1 0 0 0 0 


M рш sor ite al a ET-I combinations 
for all Ss combined. The results are 
shown in Table 2. It is clear that 
errors to the dot predominate and are 
concentrated at dim and fast ex- 
posures. 

NO responses, S, and practice effects. 
Figure 1 (a and b) indicates that the 
frequency distributions of NO re- 
sponses are about the same for all 
designs. An analysis of variance 
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comparing total frequency of NO 
responses for each design vielded an 
F(5,20) = 2.31, p > .05. Figure 4 
shows the frequency of NO responses 
for each ET as a function of 1. Since 
the NO responses occurred with 
almost exactly the same frequency for 
all designs only the combined curves 
for Pr designs are shown here. Each 
point is based on 210 responses. It is 
clear that NO responses were con- 
centrated at short and dim exposures. 
Since the single dot in the supplemen- 
tary study was also rarely seen at 
these exposures, it is probable that 
NO responses can generally be ac- 
cepted at face value. No ETs above 
:064 sec. are shown since there was 
only a total of three NO responses 
above that point. It is interesting to 
note that when successively longer 
ET curves in Fig. 4 are shifted back 
about two log units along the | scale, 
for each log unit of ЕТ the curves are 


TABLE 3 


NUMBER OF CORRECT AND INCORRECT 
AS A FUNCTION OF S, INTENSITY 


; AND EXPOSURE T 


(N) 


AND PERCENT CORRECT RESPONSES 
IME FOR Ev DESIGNS 


Exposure Time 

2 Fast ET (.004—.032 Sec.) Slow ET (.064—.512 Sec.) 

Intensity Sub: == 
Evi Ev2 Ev3 Evi Ev2 Ev3 

N % N % N % N % N % N % 
дь 16 8 173 90 |217 | 77 | 254] 71 | 211 | 87 | 213 E 

Я 84 1226 | 84 |240 | 94 |221 | 95 | 223 
Bright (194-1184 mL.) LP | 176 79 | 183 | 30 180 | 94 |209 | 82 |229| 94 |251 | 100 
{1 |199| 61 | 168 | 71 |206| 75 |239 85 | 195 | 92 253 | 92 
GF | 196 | 76 |183 | во |191 | оо | 228 | 83 |205 90 |225 | 98 

Quadrant mean (N = 195; % = 81.6) (N = 227; % = 91.0) 
AP | 90| 79 83] 87 | 66| во ола | 77 221| 88 |225| 96 
| GW |213| 62 |197 | 62 |200| 71 |340] 27 222 | 95 |225 | 98 
Dim (.09-.74 mL.) LP | 88) 77 | 89| 84 | 75| 83 |205| 7o 228 | 92 |257 | 95 
JH | 93) 43 | 59| 61 | 77| бу 230| 76 | 194 | 86 |243 | 91 
GF |117| 80 |104| 85 |125| вв |313| és |210 87 |223| 95 

Quadrant mean (М = 112; % = 75.6) (N = 223; % = 86.8) 
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TABLE 4 


NUMBER OF CORRECT AND INCORRECT ( 


N) AND PERCENT Correct RESPONSES 


UNCTION OF S, I, AND ET ror Pr DESIGNS 


Exposure Time 
Fast ET (.004-.032 Sec.) Slow ET (.064-.512 Sec.) 
Intensity x 

Pri Pr2 Pr3 Pri РГ? Pr3 
N % N % N % N % N % N % 

ы |. 
AP | 176 | 24 | 172 | 31 | 170 | 70 |223 | 58 |220 | 79 | 224} 98 
А Ew | 234] 58 |215| 79 |220| 85 |259 | 82 1226 | 97 |226 99 
Bright (1.48-11.84 mL.)| LP | 177 | 40 |184| 55 |214| 78 |207 | 63 |219| 84 |249| 97 
JH | 198 | 59 | 132 | 71 | 202 83 |242| 57 |189 | 68 |256 | 89 
GE |201| 33 | 187 | 24 | 189 30 |224 50 | 211 72 |227 | 85 

E. | 

Quadrant mean (N = 192; % = 54.8) ( = 227; % = 76.6) 
Ар | 91| 37 | 110| 32 | 69| 62 | 224] 49 | 231) 73 |226| 92 
; Ew |190 | 53 |195 | 64 |198 | 66 |237 73 |221 95 |225| 97 
Dim (0974 mL.) LP| si| 30 | 90| 53 | 81| 64 |211 58 | 228) 78 |261 | 87 
7 JH | 74] 51 | 59] 63 | 66] 85 | 239) 57 | 192) 69 | 256) 96 
GF | 124] 23 | 103 | 19 | 120] 13 | 224 | 49 | 206 55 |219| 68 

Quadrant mean (N = 107; % = 474) (N = 227; % = 73.2) 
TU Dig у аы 0. А = 


Superimposed within a range of about 
76 in accuracy. This indicates that 
when accuracy of perception is dis- 
regarded some I-ET reciprocity is 
obtained. 
Tables 3 and 4 combine the eight I 
and eight ET values into brighter and 
immer and faster and slower halves, 
respectively, and give the total num- 
er of correct plus incorrect responses 
(N) and the percent correct responses 
Or each S for each design at each 
Combination of I and ET. While the 
Principal purpose of these tables was 
© present individual differences, they 
sg Provide a more convenient but 
Sss detailed comparison than graphic 
Tesentations of N and percent correct 
"'éSponses to changes in the three 
Stimulus parameters. As can be seen 
Most clearly from the overall quadrant 
тап, the role of I is much more 
Portant for № than for percent 
Orrect responses. While the accuracy 


and number of responses varied con- 
siderably from S to S, the effects of 
RSD, 1, and ET were usually in the 
same direction for each S as that 
shown in the combined data (Fig. 1, 
a and b). 

In order to assess practice effects, 
each S’s 40 sessions were divided into 
quartiles, according to the chrono- 


90, 
во M ams. 
$ uu ime. 
2 70 a р 
5 
& vem. 
$ 60 
"e 50| i f 
= fe 
= 
= 40 7 32ms. 
E 
* зо 
= 
5 20 
5 s 
a 10 "d 
8 c 
4 о -2 -3 
Intensity (loga mL.) 
Fic. 4. Percent "nothing" responses as a 


function of exposure time and intensity. 
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logical order of sessions to see if an 
increase in percent correct responses 
could be found from the first through 
the fourth quartile. The obtained 
Е(3, 12) = .11 (p > .05) indicated no 
change in accuracy with practice. In 
fact, percent correct in the first and 
last quartile was about the same. 
This indicates that the initial practice 
sessions provided sufficient warm up 
for this task. 


Discussion 


The results of this study provide clear 
evidence that, for the stimuli used here, 
perception occurs largely as a result of 
spatial differentiation over time. This 
was shown not only by the increase in 
accuracy to Pr designs as a function of 
ET, but also by the increase in accuracy 
as a function of increasing RSD (Pr1, 
Pr2, Pr3), so that ET and RSD tended 
to have functionally equivalent effects on 
accuracy (Fig. 2a). Emphasis on RSD 
is important, since increases only in the 
absolute distance between dots (Ev1 
< Ev2 < Ev3), resulted in accuracy 
curves which tended to be parallel to 
each other and to the abscissa, so that, 
unlike the Pr design curves, the Ev 
design curves could not be superimposed. 

The finding of a much greater effect 
of ET than I on accuracy of discrimina- 
tion in these stimuli (Fig. 3, Tables 3 
and 4), is in accord with findings of 
Leibowitz and Bourne (1956) for the 
effect of I and ET on shape constancy. 
When shape judgments were plotted as a 
function of increasing I with the fastest 
ET (.01 sec.) as the parameter, the 
resulting curve was quite flat and very 
close to the law of retinal image. When 
shape judgments were plotted as a func- 
tion of increasing ET with the dimmest 
luminance (.01 mL.) as the parameter, 
there was a regular, seemingly linear, 
increase toward shape constancy. The 
authors note that constancy tended to be 
destroyed by decreases in stimulation 
because constancies presumably depend 
on the presence in the visual field of 
stimuli in addition to the discriminative 
stimulus which cannot be discriminated 
at low energy levels. While the nature 
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of these “additional” stimuli was not 
specified, it is clear that ET played a 
more decisive role than I in making such 
stimuli effective for shape constancy. 

While the stimuli used in this study 
cannot be considered directly analogous 
to those involved in shape constancy, 
it seems reasonable to consider RSD as 
indicating characteristics of the designs 
“additional” to the dots for the percep- 
tion of groupings, in the same sense in 
which size and distance may be addi- 
tional cues for size constancy. The 
essential point is that the relation among 
stimuli is critical for the response in both 
cases. 

The NO responses or the converse— 
the sum of accurate and inaccurate 
responses—are analogous to responses IN 
а detection task, where only the identi- 
fication of the presence or absence of à 
stimulus is considered. Under these 
conditions I was found to be a more 
critical stimulus variable than it was in 
response accuracy. Further, since there 
were about the same number of NO 
responses for all designs, detection was 
shown to be independent of spatial 
relations. These findings are in line with 
the results of other studies showing I-ET 
reciprocity for such detection tasks as 
dot numerosity (Hunter & Sigler, 1940). 
grating acuity (Graham & Cook, 1937), 
absolute threshold (Graham & Magaria, 
1935), and “frequency of seeing" studies 
(Leibowitz, Myers, & Grant, 1955a, 
1955b). While it might appear that dot 
numerosity identification might require 
more complex discrimination than merely 
identifying the presence of a stimulus, 
Schlosberg’s (1948) formulation indicates 
that it is possible to predict the Hunter 
and Sigler results fairly well by consider- 
ing the contribution of each dot to the 
discrimination as an independent event, 
reducing the problem essentially to a set 
of detection tasks. The Leibowitz et al- 
(1955a) study supports this formulation 
for small numbers of dots, as does à 
recent study by Restle, Rae, and 
Kiesler (1961). 

These considerations suggest that 2 
two-phase temporal process may occur 
in the perception of complex displays: 
The first phase presumably involves 
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only the detection of the presence or 
absence of stimuli and depends on the 
tofal energy of stimulation. (I X ET). 
When the task requires that different 
stimuli be related to each other, or where, 
аз in this study, the spatial relations 
among elements within a stimulus array 
аге relevant, the ET required for de- 
tection is insufficient for accurate identi- 
fication. Once the presence of stimuli 
в ‘been detected, а second phase, 
iscrimination, follows. In this phase, 
the amount of additional ET required for 
accurate discrimination appears to de- 
pei оп the amount of spatial differ- 
ntiation in the design (see Fig. 2а). 
a Acceptance of this formulation requires 
rupes of the usual conception of I 
ET TT as reciprocal up to some critical 
т Boynton, 1961, p. 740). The 
ie findings and the pertinent litera - 
ails noted above suggest that reciprocity 
Seco to hold even at ETs in the milli- 
de ш range when perceptual accuracy 
of perde on the relational characteristics 
No Also, it is important to note 
countin postulation of cognition such as 
in t Ing or thinking, need be presumed 
ы temporal development of dis- 
E cerato for these orders of magnitude 
Withi enough information 1$ obtained 
in 64 msec. to result in better than 
E accuracy for P designs at all but the 
Eve dimmest intensities (see Fig. 3b) 
Eon higher accuracy was obtained for 
inc. Els within this ET limit (Fig. a). 
Prob cortical transmission times are 
ably much slower than 64 msec. 
Re meing, Schwartz, & Lindsley, 1959), 
Gente evaluation of the stimuli may 
n E: after the cessation Qs im 
li rior to the response, but this is no 
my to play a role in the ET-RSD 
“onship, which largely determines 
© information for such evaluation. 
ейн dering I-ET relations to be more 
jen for detection than for accurate 
u rimination of more complex displays 
g Stets a reason why greater I-ET 
READY was found for Ev than Pr 
D gns (Fig. 3). Since no differential 
p cues need to be taken into account 
E the identification of these designs, 
design identification 15 probably 


5 


123 


closer to, and more likely to overlap with 
the detection phase of perception, as is 
also indicated by the briefer ETs neces- 
sary for identification of Ev than of Pr 
designs. 
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PERCEPTUAL RESPONSES AS A FUNCTION OF THE 
SEQUENTIAL PROPERTIES OF MULTIPLE 
VISUAL STIMULI! 


LEE W. GREGG лхо HARRY W. KARN 


Carnegie Institue of Technology 


Circles located at the points of a triangle were differentially loaded with 


runs of dots and no dots averaging 2, 4, and 8 in length. 


Different 


combinations of loading and location were tachistoscopically presented 


to 3 experimental groups with a control g 
and no-dot combinations at all locations. 

formed significantly better in terms of error reduction 
control group. However, variance analysis failed to show 
run length, perse. Despite the statistical results 
is suggested by an analysis in which straight line: 


by the method of least squares. 


Under appropriate conditions of 
presentation, the more frequent of two 
sequentially presented events can be 
discriminated even though the rate at 
which the events occur precludes 
tallying after each occurrence. |n 
addition to showing that the accuracy 
of judgment increases as the frequency 
differential between the two events 
increases, Erlick (1961) found that 
there was a slight overestimation for 
the event having a higher degree of 
clustering or repetitiveness. 

In a more complex perceptual task 
Where the states of several simul- 
taneously presented stimuli are re- 
ported following each tachistoscopic 
presentation of these stimuli, sequen- 
tial properties of the separate elements 
might provide learnable cues that 
could modify performance of the task. 
Karn and Gregg (1961a, 1961b) 
reported that changes in perceptual 
responses do occur when the values 
of two of three stimulus elements are 
invariant throughout the series of 
presentations. The stimuli were sep- 
arated spatially so that it was im- 

1This research was supported by the Air 
Force Office of Scientific Research of the 


Office of Aerospace Research under Contract 
No. AF 49(638)-770. 


roup receiving random dot 
Experimental groups per- 
than did the 
v an effect of 
‚ап effect of run length 
5 were fitted to the data 


possible to bring all elements into 
foveal regard at the viewing distance 
and duration of exposure that were 
used. Although the nearly perfect 
performance in reporting the state of 
the stimulus that one might expect 
in a situation like this did not come 
about, perceptual learning attribut- 
able to the stable "loading" was 
clearly demonstrated. Whether a 
more transilient loading will produce 
learning effects is the main question 
posed for the present study. 

The sequential characteristics of the 
stimulus elements are defined by a 
variable, Average Length of Run. 
This variable, like the clustering in the 
Erlick (1961) experiment determines 
with what probability a given stimulus 
value will be reported on the next 
Presentation even though the fre- 
quencies of the binary values are the 
same for the total series. 


METHOD 


Subjects.—The Ss were 40 college students, 
10 in each of three experimental groups, апо 
10 in a control group. " 

Apparatus and procedure.—[hree. circles 
located at the points of an imaginary equi- 
lateral triangle were simultaneously presented 
to Sona 4X 5 ft. screen. Each side of the 
triangle was 30 in. long subtending at 5 
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viewing dista 


ince approximately 15° of visual 
angle, 


REX The outside diameter of each circle 
of in, corresponding toa visual angle of 2 
Жыз, The discrimintation required of © 
ci m presence or absence of a dot in a 
rele; the dot subtending about 1’ of arc. 
Three different stimulus configurations 
5) were used with the experimental Ss. In 
follow long run of circles with dots present 
‘ollowed by a long run with dots absent 
"bpeared at the apex of the triangle (Location 
Tn Бе average length of these runs was 8. 
trian, jl circle at the end of the base of the 
noder to S's right (Location B) dot and 
of 2 fp Tuns averaged 4 in length. Short runs 
A gon and 2 no-dot circles appeared at the 
z end of the triangle's base to S's left 
евр Un C). In C; medium length runs 
and red at the apex, short runs to S's right, 
Were ong runs to S's left. In Cs short runs 
Shon the apex, long runs to the right, and 
dot ine to the left. For the control group, 
Bran no dots appeared at random in all 
ations, 
uid runs of Average Length 8, the prob- 
о ic that a given value of a stimulus will 
tion E same value on the next presenta- 
of the A375; the probability that the value 
di Же Stimulus will change is 0625; the 
3750 nce in these dependent probabilities is 
Drobabib © runs of Length 4, the dependent 
ength ity difference is .2500. For runs О 
eper 2, where each of the four separate 
150. adent probabilities is .2500, the difference 
fa ‘ahs for the shortest runs the асешиниге 
оп з» ш or no-dot stimulus is equally like y 
in all у Presentation. "The random sequences 
Simi] Stimulus locations for the control group 
апу yield a probability difference of 0. 
ER Sroup of experimental and control Ss 
128 presentations of the stimulus 
© at an exposure time of .1 sec. per 
og ation. A response panel with three 
in Nn Switches was attached to an erp 
neut NER S was seated. Each switch ha: а 
о | Tal position and could be thrown forwar 
{dicate the presence of a dot in а circle 


and Я се с 
а den toward S to indicate the absence of 


Th 


€ experimental room was dimly illumi- 
s at all times by a single lamp located 
brighi and to the rear of S. The screen 
T tness was approximately 5 mL. 
© instructions to S were: 
circle this screen | am going to flash three 
eis es located at the points of an imaginal 
cee Sometimes one or more of the 
es will contain a small dot in the center. 
@у 20B is to let me know which circles 
ntain dots and which are blank. You 
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will indicate the presence or absence of a 
dot in each circle by using the switches on 
the armchair. For the circle to your right, 
use the switch to vour right; for the circle 
at the apex use the center switch; for the 
circle to your left use the switch to your left. 
If the circle contains a dot, throw the 
switch forward. If there is no dot, pull the 
switch toward you. The duration of the 
flashes may be so short that you cannot be 
sure of the presence or absence of a dot in 
all of the circles. If you are not sure, 
guess. Give a response to each circle every 
time. 1 shall operate the apparatus in the 
rear of the room. I'll give you a ready 
signal, then flash the circles after which 
you are to make three switch throwings— 
one for each circle. "Throw the appropriate 
switch forward if there is a dot, backward 
if there is no dot. Do the best you can. 


R LTS 


Error scores were computed for the 
separate blocks of 64 presentations 
for each of the three stimulus locations 
and two types of error. Table 1 
presents the mean errors per block 
for the four groups of 10 Ss each and 
the mean total errors. In the table, 
P errors are errors of omission for 
which Ss report the dot absent when 
it is in fact present; N errors are 
errors of commission—reports that 
the dot is present when it is not. 

An overall analysis of variance of 
the total errors was performed. The 
main effect of Blocks was significant, 
F(A, 36) = 14.42. The main effect of 
Groups was not significant ; however, 
the B X С interaction did reach 
significance at the .01 level, F(1, 36) 
= 441. The significant interaction 
term indicates that the magnitude of 
the differences in error reduction from 
Block 1 to Block 2 vary for the four 
groups. These mean differences were 
19.1, 23.1, and 21.6 errors for the ex- 
perimental groups Съ Ca, and. Cs, 
respectively. Mean error reduction 
for the control group, however, was 
only 8.4 errors. It is apparent that 
significant interaction. comes about 
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TABLE 1 
MEAN ERRORS PER BLOCK OF 64 PRESENTATIONS 
Locations 
Group N Block | А в c Menn 
| | — z 
P N P N P N 
Ci 10 1 5.4 13.9 8.7 14.8 1.5 13.1 574 
(8-4-2) 2 4.6 8.1 6.6 12.0 1.8 5.2 38.3 
Mean 5.0 11.0 7.2 13.4 1.6 9:2 
Cs 10 1 7.8 16.3 10.9 16.0 1.8 15.0 67.8 
(4-2-8) 2 43 | 11.9 79 | 13.8 8 6.0 | 44.7 
Mean 5.0 14.1 9.4 14.9 1.3 10.5 
| 
С; 10 1 10.6 14.7 | 12.6 11.3 1.4 13.4 64.0 
(2-8-4) 2 5.2 11.7 9.5 7.6 6 7.8 42.4 
Mean 7.9 8.2 11.0 9.4 1.0 10.6 
Control 10 1 8.3 12.8 11.8 9.3 3.2 11.9 57.3 
5.5 LET 10.9 9.4 2.5 8.9 48.9 
Mean 6.9 12.2 11.4 9.4 2.8 10.4 


because the magnitude of the error 
reduction for the experimental groups 
is approximately 2.5 times that for 
the control group. 

A separate analysis of variance of 
the errors for each stimulus location 


main effects of Blocks and Locations 
are significant as are the L X E and 
BXLXE interactions. The signifi- 
cant effect of Blocks indicates that 
the reduction in mean errors from 9.4 
to 8.2 errors, although small is reli- 


and type of error for the control group able. The significant effect of Loca- 
data is presented in Table 2. The tion is reflected in the error scores of 
6.6 at Location С; 9.6 at Location А; 
TABLE 2 and 10.4 at Location В. The L x E 
ANALYSIS OF VARIANCE FOR THE interaction reflects the small number 
Сохтко. Group of P errors at the preferred location. 
tm | м [оь E _ The analysis of variance presented 
in Table 3 is for the three experi- 
proven la, | P [GEB [ND mensi groups. Ву uaine thew 
Error type (E) 1 | 396.03 | 3703 Sroups separately from the contro 
e E 2 7.53 | .51 group, the analysis can take the form 
LOE i 25014 i of a Latin square, and thus permit the 
BXLXE 2 | 1L41|435* assessment of the variable Run Length 
см can Э oe which in each configuration has one of 
Ss XL 18 | 3211 the three possible values of the vari- 
Ss XE 9 | 130.85 able associated with one of the three 
Е x B PE 15 md locations, Locations, Blocks, and 
SSXL*XE 18 | 4540 Error Type are significant main 
SsXBXLXE | 18| 262 effects. The BX Eand Bx E XL 
Total 119 interactions are also significant. The 
main effect of Run Length is not 

жр < .05 


Significant nor аге any of the inter- 
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actions involving this source. For the 
Separate locations, the errors follow 
the same pattern as the control group: 
5.7 errors at Location C, 9.3 errors at 
Location A, and 11.0 errors at Loca- 
p B. There are significantly fewer 
errors, 5.6, than N errors, 11.7. 


Discussion 


me bial learning involving improve- 
val E reporting the state of binary- 
Кашы, stimuli is enhanced for stimulus 
mtie exes where the sequential prop- 
at of the stimuli vary from stimulus 
болно, to stimulus location. The 
ao fa oe (which received presenta- 
age | of a random, short-sequence aver- 
ER of 1.88 at cach of the separate 
Ere showed significant. improve- 
to th B perceptual performance but not 
me le extent exhibited by the experi- 
ental groups. As in the earlier studies 
sane i, & Gregg, 1961a, 1961b), signifi 
Were Ocation and error-type differences 
Te observed. Fewer errors were made 
Dag den C than at the other to 
erro lons; P errors were less than ? 
mE reflecting a predominant response 
cir to report the presence of a dot in the 
cles, 
Kea Latin square analysis for the cs 
"mental groups does not prov ide 
с evidence for the expectation. that 
e Tage length of run would provide a 
arnable cue if the runs were long (8) 
da Would not affect performance 1 
irm (2. Nevertheless, some aspect 0 
Hades ех stimulus display must have 
me € it possible for the Ss in the experi- 
ntal groups to reduce their errors to a 
Sreater degree than in the control. 
pe пе way that performance in the 
i ерш task could improve 18 to 
Val Ntify the longer run location, note the 
SM of the stimulus, and, at least for 
D. number of subsequent presenta- 
tend? report that same value while at- 
Шака to the other stimulus elements 
fact fluctuate more rapidly. If S did in 
Drope att something of the sequential 
of соев associated with the long runs 
ength 8, then accuracy of report for 
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the stimulus elements of runs of Length 
2 or 4 could increase. It is conceivable 
that no gross statistical analysis over 
large blocks of trials could detect differ- 
ential effects of run length for configura- 
tions of the sort used in the present 
experiment. This kind of perceptual 
strategy was postulated in the earlier 
studies (Karn & Gregg, 1961a, 1961b) 
where the stimulus values were com- 
pletely stable for two of the three 
elements. 

It is apparent that a more detailed 
analysis of Ss’ momentary responses is 
required. In Fig. 1, ordered blocks of 
runs of Length 8 were used as the base 
for following the sequence of Ss’ re- 
sponses: The possibility that differential 
loading in the form of length of run 
contributes to the results of the present 
experiment is suggested by this analysis. 
For each of the three experimental 
groups, straight lines were fitted by the 


TABLE 3 


ANALYSIS OF VARIANCE FOR 
EXPERIMENTAL GROUPS 


Source df MS F 
Location (L) 2 | 892.77 | 24.79* 
Configuration (C) 2 60.27 
Run length (R) 2 52.34 
Square uniqueness 2 5.92 

(SU) 
Ss within Cs 27 72.05 | 2.00 
Latin square error 216 | 36.01 
Blocks (B) 1 [1130.68 | 31.39* 
BXL 2 12.17 
BXC 2 3.40 
BXR 2 3.68 
B X SU 2 6.09 
B X Ss 27 13.94 
Error type (E) 1 13385.60 | 29.84* 
EXL 2 | 236.06 
EXC 2 77.81 
EXR 2 | 81.70 
E X SU 2 | 52.35 
Е X 55 27 | 113.44 
BXE 1 | 185.89| 5.16* 
BXEXL 2 | 96.11} 3.58* 
BXEXC 2| 23.06 
BXEXR 2 16.12 
BXEXSU | 2| 428 
BXEX Ss | 27 | 26.82 
Total 359 

*p <.05 
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least squares method to the P errors, 
N errors, and combined data points. 
An inspection of the graphs and the 
slope and intercept constants presented 
in Table 4 indicates an effect of Run 
Length on performance during the per- 
ceptual task. Only for runs of Length 
8 do the lines forming an envelope con- 
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verge. For the shorter runs, 4 and 2, the 
envelopes are approximately uniform; 
and for the control group, the envelope 
appears to diverge slightly. The overall 
slope for the three experimental groups, 
:014, is about twice that for the control 
group. 


No statistical theory of visual de- 


Y=.426 -.015х 


ORDERED BLOCKS ОЕ RUNS (LENGTH 2) 


.50 


Ү=.50!-.0!2Х 


40 


-30 


.20 


PROPORTION OF ERRORS 


5 6 rd 


9 9 ю n 12 i5 14 15 16 
ORDERED BLOCKS or RUNS (LENGTH 4) 


PERCEPTION AND SEQUENTIAL STIMULI 1 


nS 


Fic. 1.—Continued 


Y=.230-.005X 


Y=.373 - .014Х 


.50 
ч 
Y-.484 -.020 X 
40 
© - 
o 
c 
& зо 
ц. 
o 
= = 
О .20 
E 
4 
o 
a 
o 
[4 
[ , 


ORDERED BLOCKS OF RUNS (LENGTH 8) 


50 


Ys.861-.003 X 


40 


-30 


+20 


PROPORTION OF ERRORS 


ге 8$ 45 € # 


8 


Y ».341 - .007 X 


Ys.304 -.008X 


9 оп l2 13 ^ 15 16 


ORDERED BLOCKS OF RUNS (RANDOM) 


b Fic. 1, Relationship between mea 
locks of P and N runs. (Even-num 
9r N errors, Only in the case of runs 


are lo; 
least square: 


tection is elaborate enough to predict 
quantitatively responses to simultane- 
ey Presented stimuli, even though it 
of рзопаЫу certain that response biases 

he sort implied by Tanner and Swets 


n proportion of errors and ordinal position of alternating 
bered blocks are for P errors; odd-numbered blocks arc 
of Length 8 are the blocks sequential. Broken line: 


s, linear fits for the P errors, N errors, and combined data.) 


(1954; Swets, 1961) must be present 
What is required of theory is a mor 
precise specification of the mechanisn 
of fixation, attention, and report tha 
act together to generate complex be 


TABLE 4 

Least SQUARE SOLUTIONS 
Run Length | Errors Intercept Slope 
P .296 .011 
2 N +516 | .015 
Total 426 | -015 
P 247 .009 
4 N .501 .012 
Total .398 013 
Р .230 .005 
8 N .484 -020 
Total 373 014 
P .304 -008 
Control N 361 -003 
Total 341 .007 


havioral consequences. Until recently, 
such determinism was not feasible. With 
the advent of computer simulation tech- 
niques (Laughery & Gregg, 1962; Newell, 
Shaw, & Simon, 1958; Reitman, 1959) 
however, it is reasonable to suppose that 
progress in relating multiple determin- 


ants of perceptual responses will be 
made. 
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The ригроѕ 
on the acqu 
situation involvin 
correction procedure, 
choice). Differences 
negligible. 
increasing 
intensities for shock-wrong groups. 
to no-shock controls, 


газ to investigate the effect of variation in shock intensity 
on of a black-white discrimination by 56 white rats in a 
shock for the correct or incorrect response, a non- 
and 2 different training methods (free- vs. forced- 

in outcome between training methods were 

Shock intensity functions showed that errors increased with 
intensities for shock-right groups, decreased with increasing 
All shock-right groups were inferior 
a finding in opposition to the generalization that 


shock for the correct response facilitates performance. 


. The results of studies by Muen- 
zinger and his co-workers (Muen- 
Zinger, 1934; Muenzinger, Bernstone, 
& Richards, 1938; Muenzinger & 

eweomb, 1936) have been inter- 
Preted as indicating that pairing 
Punishment (electric shock) with the 
Correct response does not disrupt, but, 
їй fact, facilitates performance. Ac- 
cording to Muenzinger, there 15 a 

&eneral sensitizing” factor in punish- 
Ment which serves to slow down the 
animal and make it more sensitive to 

€ cues to be discriminated at the 
Choice point of a maze. Е 

Muenzinger's original formulation 
арреагѕ to be generally accepted (e.g., 

"eldman, 1961; Young, 1961), despite 
More recent findings which question 
its generality (Muenzinger & Baxter, 
1‹ ; Muenzinger, Brown, Crow, & 
Powloski, 1952; Muenzinger & Pow- 
loski, 1951; Wischner, 1947). Wisch- 
ner has shown that with a noncorrec- 
Чоп procedure, as contrasted with the 


Correction procedure typically em- 

! This study was supported in part by 
Grant No, G.14312 from the National Science 
Foundation. Grateful acknowledgment is 
wade by the authors to M. Samuels and F. 
Berlin for their assistance in the conduct of 


* У 
15 experiment. 
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ployed by Muenzinger, shock for the 
correct response retards, rather than 
facilitates discrimination learning. 
Wischner states that shock has a 
specific function with respect to the 
punished response: the animal very 
quickly acquires avoidance responses 
to the cues associated with shock. 
The results of the more recent 
studies comparing correction and non- 
correction procedures led Muenzinger 
to modify his original position to one 
in which it is maintained that shock 
serves (a) to produce avoidance and 
(b) to accelerate learning. Thus, 
Muenzinger and Powloski (1951) 
argue that, with a correction proce- 
dure, the animal adapts more quickly 
to the noxious, avoidance-producing 
quality of shock for the correct re- 
sponse, since selection of the wrong 
alternative always requires a retracing 
toward the positive cue with which 
the shock is associated. As a result, 
the accelerating or "'sensitizing" effect 
of shock takes place sooner with the 
correction procedure and a facilitation 
of performance is readily evidenced. 
In addition to the recognition of the 
significance of methodological vari- 
ables, such as correction vs. non- 
correction, there has been some recog- 
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nition of the import of factors relating 
to shock per se. For example, 
Muenzinger has suggested that only 
relatively mild shock, when paired 
with the correct response, may be 
facilitating. Nevertheless, there has 
been no systematic study of shock 
parameters. In relation to the general 
issue of the effect of shock for the 
correct response, it would appear that 
factors such as the intensity, duration, 
locus, frequency, and order of the 
shocks administered over training, 
would constitute a significant class of 
determining variables. 

The purpose of this investigation 
is to assess the effect of different 
intensities of shock for either the 
Correct or incorrect response on per- 
formance in a black-white discrimina- 
tion entailing a noncorrection pro- 
cedure. In addition to the shock 
intensity variable, two training pro- 
cedures were studied: (а) the more 
usually employed free-choice pro- 
cedure and (b) a forced-choice pro- 


cedure. Тһе latter procedure was 
included in order to determine the 
effect, if any, resulting from equating, 


among groups, the number and order 


of shock and food experiences received 
Over training. 


METHOD 


Subjects, —Fift 


y-six male albino rats of the 
Sprague-Dawle: 


y strain served as Ss, These 
Ss, which had been selected on the basis of 
their performance in pretraining tests de- 
scribed below, were approximately 100 days 
old at the beginning of training. The Ss were 
caged individually in a colony room in which 
the temperature was controlled and the 
normal day-night cycle reversed through 
artificial illumination, 

Apparatus.—The apparatus was a simple 
T maze with walls and floor of galvanized 
sheet metal and an exterior supporting shell 
of wood. The stem of the apparatus was 
26 in. long, and each arm, as measured from 
the center of the choice point area, 36 in. long. 
The height of each section of the maze was 
uniformly 43 in. and the width, 3i in. The 
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first 8 in. of the stem served as a start com- 
partment, being separated from the remaining 
portion by a guillotine door. The last 12 in. 
of each arm were also separated from the 
remaining portion by a guillotine door and 
served as a goal compartment. Guillotine 
doors were also positioned in each arm at a 
distance of 3 in. from the center of the choice 
point, 

The internal sheet metal composition of the 
maze was provided by two L shaped strips 
of sheet metal; one L served as one wall and 
half of the floor of each maze section and the 
other L as the other wall and half of the floor. 
The 1. shaped strips of sheet metal provided 
two 1}-in. floor surfaces which were separated 
by a l-in. gap. Hinged and weighted trans- 
parent Plexiglas tops covered the stem and 
each arm. 

A plate of frosted Plexiglas served as the 
end wall of each goal compartment. А strip 
of clear Plexiglas (1 in. wide, 4 in. thick, and 
31 in. long) with a carved food well (2 in. in 
diameter and 4 in. deep) was permanently 
positioned within each goal compartment, 
directly in front of the frosted plate. A single 
10-w. frosted bulb (120-v. source) was posi- 
tioned outside of each goal compartment, 
directly behind the frosted plate. These goal- 
box bulbs, which served аз the discriminative 
visual stimuli, were enclosed by the frosted 
plate of each goal compartment and an ex- 
terior wooden shell Painted a flat black. 
Exterior maze illumination was provided by 
two 10-w., 120-v. frosted bulbs, one located 


near the end of each arm on the stem side of 
the T maze. 


A matched-impedence 60-cps ac shock 
system was used to deliver shock to the S 
ineither mazearm. In this system the two L 
Shaped strips of sheet metal forming the sides 
and floor of the maze were connected across 
the output of a variable transformer. An 
additional resistance of .30 megohms was 
placed in series with S which could receive 
shock when it made contact with both halves 
of the sheet-metal floor, The narrowness of 
the maze alley prevented S from avoiding 


shock by running along only one half of the 
floor surface. 


Additional characteristics of this shock 
circuit were such that it had to be set by E 
before each training trial Shock was 
delivered to 5 when it interrupted, in either 
arm, an infrared photoelectric beam crossing 
the arm at a point midway between its two 
guillotine doors. The manual priming 
feature of the circuit prevented S from 
receiving more than one shock in any one 
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trial, even though it was possible for S to 
interrupt a photoelectric beam several times 
during a trial. When the shock was delivered, 
its duration was held constant at .2 sec., as 
metered through a Hunter timing relay, and 
its intensity was set at either 45, 60, or 75 v. 
as measured across the output of the trans- 
former, Preliminary testing for threshold of 
response to the shock indicated that, with the 
Circuit employed, animals manifested a re- 
action to shock at approximately 40 v. 

Procedure.— he. experimental procedure 
entailed both a pretraining and a training 
Phase, One week prior to the pretraining 
Phase, the Ss were started, and maintained 
for the duration of the experiment, on a daily 
diet of 12 gm. of Purina lab checkers per day, 
With water available ad libitum. Taming of 
the Ss also took place during this week and 
consisted of a daily handling of each S for 
Several minutes. 

For both pretraining and training, the Ss 
Were transported to the experimental room 
11 à wood and hardware cloth carrying cage. 

he Ss were kept in individual compartments 
9f the carrying cage throughout the course of 
the daily training session. Prior to their 
daily run in the maze, which took place during 
the dark phase of the S's day-night cycle, all 
ЭЗ received approximately 5 min. adaptation 
to the illumination conditions of. the room as 
Provided by the two exterior 10-w. apparatus 
bulbs, this time being that required by E to 
Prepare for the day's trials. 

Pretraining was administered to reduce 
Possible position and brightness preferences 
“nd to habituate 5 to the apparatus, espe- 
cially the guillotine doors which were used to 
Prevent retracing. No shock was adminis- 
tered during this phase. Over pretraining, 
cach S received a total of 16 forced, reinforced 
trials, 4 per day, randomly distributed with 
the restriction that half of the trials were to 
the left and half to the right with half of each 
of these sets being to an illuminated goal and 
halt to a dark goal. Forcing was accom- 
Dlisheq by lowering one of the guillotine doors 
“t the choice point. The reinforcement 
Provided on each trial was in the form of 
Oo. Noyes sugar pellets (+ mm., 45 mg.). 

^ the first of the 4 pretraining days, the food 
Pellets were liberally spread throughout the 
Boal box and on subsequent days, the number 
and locus of pellets were systematically re- 
Cuced until, on the last day, only two pellets 
Were given and these were in the goal-box 
food cup. With each forced trial, S was 
Permitted to run to the available goal where 
"twas detained until all pellets were consu med 
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or until 5 min. had elapsed. Upon meeting 
either of these two criteria, or if the S failed 
to run to the forced goal within 5 min., it was 
removed from the maze and replaced in the 
carrying cage to await its next trial. On the 
average, the intertrial interval was about 15 
min., the interval being determined by the 
time required to run a block of Ss. Those .Ss 
who consistently traversed the maze and 
consumed the food pellets within the allotted 
time were considered for the training phase 
of the study. This represented about 90% 
of all Ss pretrained. It should be noted that 
those Ss which were retained showed no 
reliable brightness or position preferences. 
Analysis of first training trial choices in- 
dicated a 61% selection of the illuminated 
alley. 

Training began on the day following 
termination of pretraining. During training, 
reinforcement could be obtained only in the 
illuminated goal box. Since reinforcement 
was not obtained in the dark goal box during 
these training trials, Ss were detained in that 
goal box for 10 sec., the approximate time 
required by S to consume two food pellets 
when in the lighted goal. Otherwise, the 
conditions of reinforcement, schedule of right 
or left goal-box illumination, intertrial in- 
terval, and general handling procedure were 
the same for both training and pretraining 
trials. 

For the training phase, the 56 Ss were 
randomly assigned to seven groups of 8 Ss 
each. There were three shock-right groups 
(SR), i.e., Ss received both shock and food 
reward for a correct response but neither 
for an incorrect response; three shock-wrong 
groups (SW), ie., Ss received food reward 
for a correct response but shock for an in- 
correct one; and a control, no-shock group 
(NS), i.e., Ss received only food reward for a 
correct response. The different shock in- 
tensities employed for the three groups within 
both the SR and SW conditions were 45, 60, 
and 75 v. The shock-right groups may be 
designated as SR-45, SR-60, and SR-75; and 
correspondingly, the shock-wrong groups as 
SW-45, SW-60, and SW-75. 

The six shock groups and the control group 
were subdivided, with half the Ss within each 
group being trained on the typically em- 
ployed free-choice procedure, and half being 
trained on a forced-choice procedure. The 
Ss run under the forced-choice procedure 
were permitted a free choice only on the first 
trial of successive blocks of four trials. The 
remaining three trials within each four-trial 
block were forced-choice trials. Forcing was 
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Fic. 1. Group mean errors over 200 training 
trials as a function of shock intensity. 


administered such that, of the four trials 
within a block, two were to the goal box on 
the left and two were to the goal box on the 
right with one trial of each of these sets of two 
trials being to a lighted goal compartment 
with reinforcement, and the other being to a 
dark goal without reinforcement. Thus, after 
every block of four trials, and at any point in 
training, occasions of reinforcement and non- 
reinforcement were equal and balanced over 
right and left positions for all groups of Ss 
run under the forced-choice procedure. 
Similarly, for those shocked Ss run under this 
procedure, the occasions of shock and no- 
shock were equal and balanced over right and 
left positions throughout training. 

All Ss received 4 trials per day on the first 
6 days of discrimination training and then 8 
trials per day thereafter until the end of 
training. The position of the illuminated, 
correct goal was varied on these tri 
accordance with a predetermined random 
schedule. Discrimination training was con- 
tinued until each S met a criterion of 15 
correct responses out of a total of 16 free 
choices with the last 8 being correct, or until 
a total of 200 training trials had been ad- 
ministered. Оп every trial, each S was 
permitted a maximum of 5 min., from the 
opening of the start-box door, to make a 
choice. If 5 did not complete a trial within 
the allotted time, the trial was recorded as 
"No-Response" (NR). Actually there were 
relatively few instances of such trials and 
these are considered in a subsequent section 
of the results. 


als in 


RESULTS 


For both the free- and forced-choice 
groups, only the first trial of every 
successive block of four was utilized , 
in the major analyses. For the forced- 
choice groups, this trial was, of course, 
the only scorable trial. By using only 
the corresponding first trial of a block 
of four for the free-choice animals, it 
was possible to compare performances 
obtained with the two training pro- 
cedures. It should be noted, however, 
that the first-trial data for the free- 
choice groups are highly representa- 
tive of their performance over all 
trials. The results of an analysis of 
variance involving Trial 1 and aver- 
aged total-trial data showed that 
group mean error differences based on 
these two measures are insignificant 
(F < 1). Expressed in terms of the 
correlation between individual error 
scores based on the Trial 1 and Trial 
2-4 data, the product-moment r is .79. 

Mean errors over 200 trials for the 
Several groups within both the free- 
and forced-choice procedures are pre- 
sented as a function of shock intensity 
in Fig. 1. The shock intensity 
functions for both free- and forced- 
choice procedures appear to be quite 
similar. In general, mean errors tend 
to increase with increasing shock in- 
tensities for the SR groups, but 
decrease with increasing intensities 
for the SW groups. The regularity 
of this trend is more clearly evident 
in the heavy, solid line in Fig. 1 which 
represents the pooled data for cor- 
responding shock-intensity groups of 
the free- and forced-choice procedures. 

Since the no-shock or zero intensity 
Condition is part of the intensity 
dimension of both the SR and SW 
conditions, its inclusion in an analysis 
of variance of the data presented in 
Fig. 1 precludes the use of а complete 
factorial analysis of shock conditions 
(SR vs. SW) and shock intensity. 
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The data were statistically treated in 
terms of a 2 X 7 factorial analysis of 
variance comprising the two training 
methods and the seven groups em- 
ployed ; i.e., three SR intensity groups, 
three SW intensity groups, and the 
NS group. With this analysis, the 
apparently divergent trends depicted 
in Fig. 1 for the SW and SR groups, 
Over increasing shock intensities, can 
be assessed by orthogonal polynomial 
Comparisons. 

The results of the analysis of vari- 
ance, presented in Table 1, show that 

the between-groups differences are 
highly reliable (p < .005) and that 
this effect related primarily to the 
highly reliable differences among 
the seven shock intensity groups 

(b < .001); the difference between 
the two training procedures, as well 
as the Procedure X Shock Condition 
interaction, is unreliable (P 7 .20 in 

oth cases). 

.To assess the significance of the 
differences among the several shock 
intensities and between shock condi- 
tions (SR уз. SW), an orthogonal 
Polynomial comparison was performed 
assessing an increasing linear trend 
9ver increasing SR intensities vs. à 

'ecreasing linear trend over increasing 
/ intensities. Опе may view this 
Comparison as identical to а linear 
trend analysis by orthogonal poly- 
Nomials of all seven groups ordered 
from SR-75 through NS to SW-75. 
$ such, residual effects after ex- 
traction of this linear component, 
Nave reference to other trend com- 
Ponents, eg., quadratic, cubic, etc. 
. As shown in Table 1, this increasing 
іпеаг SR ys, decreasing linear SW 
Comparison is highly significant 
b < .001), and indicates not only a 
reliable difference between SR and 
Conditions, but also, as depicted 
Y the solid line in Fig. 1, reliable 
ifferences among the several shock 
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intensity groups within both SR and 
SW conditions. With extraction of 
this significant linear component, 
residual trend effects are negligible 
(F « 1). This suggests that the best 
assumption concerning the nature of 
the shock intensity functions for both 
the SR and SW conditions is that 
they are linear. 

The differences obtained above be- 
tween the SR and SW conditions on 
the basis of all 200 training trials 
appear to be representative of any 
portion or phase of training. Figure 2 
shows the course of acquisition lof 
the discrimination over blocks otto 
training trials. The left panel pre- 
sents the data for Ss of the free-choice 
procedure and the right panel for Ss 
of the forced-choice procedure. The 
data for the various SR and SW 
intensity groups within each training 
procedure have been pooled in order 
to reduce the cluster of curves. With 
both procedures, it is evident that, 
in comparison with the SW groups, 
the inferior performance of the SR 
groups is maintained throughout the 
200 training trials. 

Analysis of nonresponse (NR).— 
The above analyses do not include 
NRs made by the Ss throughout the 
course of training. Figure 3 shows 


TABLE 1 
ANALYSIS OF VARIANCE OF GROUP MEAN 


ERRORS OVER ALL TRAINING TRIALS 
кок SR AND SW Groups 


Source df MS F 
Between 13 73.22 2.99** 
Procedure (P) 1 34.57 1.41 

Condition (C) 6 | 127.68 5.21*** 
Linear (1) | 743.14 | 30,32” 
Residual (5) 4.59 | «1 

PXC 6 25.20 1.03 
Linear (1) 70.88 2.89 
Residual (5) 16.06 | «1 

Within 42 24.51 
ap «0l. 
жыр < 001. 
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been pooled in view of the absence of 
a significant difference in the fre- 
quency of NRs between training 
procedures and an insignificant Train- 
ing Procedure X Shock Condition 
interaction. Differences in the fre- 
quency of NRs among the seven 
groups shown in Fig, 3 are highly 
reliable, F(6,42) — 2.82, р < .025, 
and trend analysis of this significant 
effect shows both reliable linear and 
quadratic components, F(1,42) —4.70, 
P <.05 and F(1,42) = 11.41, p < .005, 
respectively, The highly significant 
quadratic component indicates, as 
shown in Fig. 3, that the frequency of 
NRs within both the SR and SW 
conditions increases with increasing 
shock intensities; the significant linear 
component indicates that this effect is 


somewhat more Pronounced for the 
SR condition, 


PUNISHMENT AND VISUAL DISCRIMINATION 


Although this analysis shows sys- 
tematic differences in frequency of 
NRs among the several shock groups 
and between shock conditions, it 
Should be emphasized that these 
differences seem to be unrelated to 
the significant effects noted for the 
earlier error score analyses. Whereas 
errors increased with increasing SR 
Intensities and decreased with in- 
creasing SW intensities, NRs in- 
creased with increasing intensities for 
both the SR and SW conditions. 
Moreover, it would appear unlikely 
that the large error differences ob- 
tained between the SR and SW 
Conditions could be accounted for by 
the relatively small absolute, albeit 
Significant, differences in NR noted 
tween these conditions in Fig. 3. 


DISCUSSION 
, In relation to the effect of shock for 
ether the correct or incorrect response, 
the results of the present study clearly 
*monstrate the importance of the in- 
ensity parameter. Significantly, varia- 
Чоп in the intensity of shock associated 
With the correct response served to vary 

Пе extent of performance retardation ; 
Variation in shock intensity associated 
With the incorrect response served to 
Vary the extent of performance facil- 
tation, 

With shock intensities lower than 
those employed in the present study, 
Some facilitation of performance might 
Possibly be obtained for the SR condi- 
‘on. "phis appears unlikely in view of 
the fact that threshold for the kind of 
Shock experience provided the Ss is 
obtained at approximately 30 v. (Camp- 
ell & Teghtsoonian, 1958). Thus, any 
Acilitation in performance due to shock 
°r the correct response would have to 
Occur within the relatively narrow range 
Tom 30-45 v. к 

he present results аге in striking 
Contrast to those obtained by Muenzinger 
his co-workers with both correction 
noncorrection training procedures. 
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Our findings offer strong support for the 
view that the primary function of shock 
is to produce avoidance of the cues 
associated with it. As Wischner (1947) 
has indicated, this position does not 
exclude the possibility that shock may 
also have the function of slowing down 
the animal, thus increasing the likelihood 
of stimulation by and response to the 
relevant cues, and thereby facilitating 
performance. 

More recently, and primarily on the 
basis of data obtained in a noncorrection 
situation, Muenzinger and his co-workers 
(Muenzinger et al., 1952; Muenzinger & 
Powloski, 1951) have acknowledged the 
primary avoidance function of shock. 
Nevertheless, they (Muenzinger & Pow- 
loski, 1951) continue to argue for the 
accelerating effect of shock for the 
correct response on the basis of findings, 
which show that the shock-right condi- 
tion facilitates performance considerably 
with a correction procedure but only 
slightly with a noncorrection procedure. 
In this connection, the present writers 
would propose that the "noncorrection" 
procedure which Muenzinger employed 
is more comparable to a correction than 
a noncorrection procedure, as they are 
typically defined. With Muenzinger's 
"noncorrection" procedure, S was pre- 
vented from retracing following entrance 
into a choice alley, but the random, left- 
right positioning of the discriminative 
stimuli from one trial to the next did not 
take place until $ made a correct re- 
sponse. Thus, as with a correction 
procedure, S could make several errors 
or runs to the incorrect goal per “trial,” 
i.e., before the left-right positions of the 
discriminative stimuli were varied in 
accordance with their predetermined, 
random order. It would appear, then, 
that the inferior performance of the SR 
groups in the present study, as compared 
with the relatively better performance of 
Muenzinger's "'noncorrection" shock- 
right groups, may be related to the degree 
to which his "noncorrection" method 
resembles a correction method. This 
possibility, interestingly enough," has 
been suggested by Миепліпрег апа 
Powloski (1951) in an attempt to 


138 


reconcile the discrepancy between their 
results and Wischner's (1947). 

Use of either the correction or non- 
correction method may underlie the dis- 
crepant results obtained with shock for 
the correct response but this difference 
does not account for the facilitation of 
performance which is obtained with one 
procedure and the retardation obtained 
with the other. Several explanations of 
these differences have been offered (e.g., 
Mowrer, 1950; Prince, 1958; Woodworth 
& Schlosberg, 1954), but the results of 
the present study do not contribute to 
the selection or support of any one of 
these over another. Rather, the results 
of this study and those reported more 
recently by Muenzinger and his associ- 
ates serve to delimit clearly the gen- 
eralization, originally proposed by Muen- 
zinger and accepted by many workers 
in this area, that shock for the correct 
response facilitates discrimin 


ation per- 
formance. 
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LONG-TERM EFFECTS OF MISINFORMATIVE FEEDBACK 
UPON CONCEPT IDENTIFICATION ! 


LYLE E. BOURNE, Jr. 
University of Utah 


The purposes of this study were to investigate the long-term effects of 
misinformative feedback (MF) upon performance in a concept identi- 
fication problem (Task 1) and the transferability of optimal solution 


to a 2nd problem (Task 


2). The results indicated that as amount of 


MF increased in Task 1, Ss made more errors and fewer Ss reached 
optimal solution. Transitory probability matching was observed. All 
Ss attained optimal solution to Task 2, at a rate, however, which was a 
function of Task 1 MF. There were no marked recency effects and little 
evidence that Ss attempted to respond with thecategory indicated by the 
feedback signal accompanying each stimulus on its last presentation. 


Goodnow and Postman (1955), 
Zoodnow (1955), and Pishkin (1960) 
infor investigated the effect of mis- 

mative feedback (MF) upon the 
Эе огтапсе of human Ss іп concept 
“ting tasks, [n the procedures of 
дое experiments, MF was intro- 
ordin by presenting feedback signals, 
ness arily used to indicate the correct- 

M n incorrectness of S's response to 
Een stimulus, which were mis- 

he on а percentage of trials. 
леа! the signal occasionally in- 
E to S that he had responded 
Whe Ctly or had responded incorrectly 

n in fact the reverse was true. 
aus of these studies were essen- 
Eon. the same as those of experiments 
e ned with guessing behavior 
Dueh Grant, Hake, & Hornseth, 1951) ; 
agit the later trials there was close 
Sréement between the probability 
SA MF trial and the probability of 

incorrect response. Goodnow and 
gig an reported that S's responses 
cha, Ot appear to be affected by 

Aracteristics of the stimulus se- 

This resea ye orted in part by a 
тазага ок лоп the "National 
Publie © of Mental Health, United States 

ealth Service. The author is 


Bri 
МГ] to F, Restle for his numerous sug- 


Sestio, 
home n the initial phases of the ex- 


quence, as is the case in studies of 
guessing behavior (Anderson, 1960; 
Nicks, 1959), but concluded that the 
overall similarity of results attests to 
the generality of probability learning. 

In the data reported by Goodnow 
and Postman, by Goodnow, and by 
Pishkin there is a tendency on the 
part of experimental groups with low 
percentages of MF trials to produce 
errors at a rate below that predicted 
by a probability matching hypothesis. 
For example, the “90:10 group" 
(1095 MF) of Goodnow and Postman 
consistently produced an average of 
less than 1095 errors over the last 
six 10-trial blocks of the experiment, 
Such evidence suggests that, under 
certain circumstances, Ss in concept 
learning situations may seek and 
attain a solution more rational than 
probability matching; ie., a solution 
which maximizes the number of 
"hits" or trials upon which response 
and feedback signal correspond. It is 
plausible that probability matching 
shown in the above mentioned studies 
represented a transitory stage in 
performance and that all Ss, if given 
a larger number of trials, would have 
adopted the optimal solution which 
requires consistent responding to the 
relevant stimulus dimension. 
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Results of a preliminary study, the 
procedure of which was patterned 
after that of Pishkin, supplied con- 
vincing evidence of the transitory 
nature of probability matching in 
concept identification. After exten- 
sive training on a problem with MF 
on 10% of the trials, all Ss reached 
optimal solution. In light of these 
data, the present experiment was 
undertaken. Its main purpose was to 
discover if, under different conditions 
of MF percentage, Ss would reach an 
optimal solution in a concept iden- 
tification task. Furthermore, the 
experiment could supply additional 
evidence with respect to the cues 
mediating probability learning and the 
attainment of an optimal solution in 
concept problems. Secondarily, the 
study was designed to find out 
whether an attained optimal solution 
is transferable to a similar problem 
which involves a different degree of 
MF. To collect evidence on this 
question, all groups were shifted 
without instruction to a second 
concept identification problem after 
lengthy practice on the first. 


METHOD 


Task and procedure.—The task was es- 
sentially that used by Pishkin (1960). The S 
was required to press one of two buttons, 
neither of which bore a label, in response to 
each of a series of geometric stimulus patterns. 
In all problems, the patterns, which were 
varied within three two-level dimensions, 
were projected for viewing on a milk glass 
screen. At the outset, Ss were given standard 
formal instructions describing the stimulus 
dimensions, and how they might be used as a 
basis for responding, and pertinent apparatus, 
and how it was to be operated. The Ss were 
told that the correct response on any trial 
depended on the attributes of the stimulus 
patterns and nothing else. They were led to 
believe that errorless performance was pos- 
sible. Presentation of stimuli, presentation 
and control of informative feedback (provided 
by signal lamps located directly above S's 
two response buttons), control of the overall 
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trial interval (5 sec.), and recording of re- 
sponses were accomplished automatically 
with the concept identification apparatus 
described by Pishkin. In all cases, the feed- 
back light was given immediately after the 
response and remained for 1 sec. In all 
problems, S responded to stimulus patterns 
at a self-determined rate. 

For each of two problems, a different 
stripfilmed series of stimulus patterns was 
used. In Problem A, stimulus dimensions 
were orientation (upright or tilted figures), 
form (triangle or square), and color (red or 
green); and, in Problem B, the dimensions 
were vertical position (figures at the top or 
bottom of the viewing screen), size (large or 
small), and horizontal position (figures on the 
right or left side of the screen). One dimen- 
sion, form in Problem A and horizontal 
position in Problem B, was relevant in the 
sense that responses based upon it would yield 
the maximum number of hits attainable u nder 
the prevailing condition of MF. The remain- 
ing dimensions were irrelevant, responses 
based upon them producing a chance number 
(50%) of correct responses. | 

Under some experimental conditions, 5 
was presented with MF, defined as an errone- 
ous feedback signal designating the incorrect 
response button as correct, on a certain 
percentage of trials, "The scheduling of MF 
trials was random with two restrictions: 
(a) the total number of misinformed trials was 
consistent with MF percentages employed in 
the experimental design, and (b) the percent- 
age of MF was approximately the same 
within each block of 50 trials. Because the 
stimuli varied in three binary dimensions, 
there were eight distinctly different patterns. 
The order in which these were presented was 
random except that each pattern appeared 
equally often in every 200 trials and that the 
same pattern never appeared on successive 
trials. 

Subjects and design.— he Ss were 80 stu- 
dents from introductory psychology courses 
who were assigned by order of appearance to 
the eight treatment conditions of the exper!- 
ment. Basically, the design was a 4 X2 
factorial with four percentages of MF, 0, 10, 
20, and 30, and two different problems. The 
design was complicated, however, in two 
ways: (a) Ss served for 6 successive days and 
were given 200 trials each day, and (b) both 
the MF percentage and the stimulus dimen- 
sions were changed for all Ss on Day 4; if 5 
had been performing on Problem A, Problent 
B was substituted for it and vice versa. 

Ss performed with 15% МЕ from Day 4 
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meh t day б. If, during any daily session, 
Pepe. 0 consecutive responses based on the 
E ant dimension, he was released from the 
Xperiment for that day. 


RESULTS 


"es main dependent variable was 
is d of errors made with respect 
^ bnc qim stimulus dimension. 
respo, or example, all Category 1 
Teri. to squares and Category 2 
Were nses to triangles in Problem A 
анаа. correct, regardless of the 
Увев ping feedback signal. Anal- 
Separate variance were performed 
rials ely on errors per block of 20 
m S made during the first 3 days 
(1 E 1) and during the last 3 days 
he 2) of the experiment. These 
ayses are summarized in Table 1, 
data are plotted in Fig. 1. 
Task 1 
таз of variance.—Total errors 
11 the four MF conditions on 


аѕ tdir : з : 
iu 1 differed reliably. As is obvious 
1 ап inspection of Fig. 1, errors 
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increased with amount of MF. In 
addition, a significant practice effect, 
within and across days, was evident. 
The most important finding, however, 
is the statistical reliability of the 
MF X Days interaction; clearly the 
trend in performance across days 
differed for the various MF condi- 
tions. The significance of this inter- 
action is attributable to the fact that 
the four groups approached their 
(possibly different) asymptotes at 
different rates. The Ss in the 0% MF 
condition reached problem solution; 
ie., consistent responding on the 
basis of the relevant dimension, 
within 100 trials, although a few addi- 
tional errors were made by these .Ss 
during the first block of 20 trials 
on each of the succeeding 2 days. 
Similar warm-up effect is noticeable 
in the records of all groups. The 
performances of the 1095, 2095, and 
30% MF groups display probability 
matching; i.e., group functions tended 
first toward a level of errors which 
would be predicted if all Ss were 


TABLE 1 
000 ANALYSIS OF VARIANCE ON ERRORS "m m 
Tem | Days 1-3 Days 4-6 
P df 
зше MS | Р М5 Е 
Mising, | ** 20.2 | 
à ative fi - (ME 4037.32 31.25 20.20 
Prob em Hive feedback (MI) | 3| 432266 2:50 185.37 5.01* 
SE x p 3| 141.03 31.10 
D/ Groups 7 162.95 26.28** 36.97 10.16** 
says (D) 2| 1150.63 185.60** 519.43 142.69** 
MBls/D 27 79.30 12.79** 61.49 16.89** 
FXD 6| 13511 21.79** 22.05 6.06** 
Linear X Line, 1| 79.39 12.80** 2.00 
sinear 52 Q gs ы 1 163.52 26.38** 24.01 6.60* 
Quadratic S€ Linear | 1| 5001 80.75** 53.06 14,58** 
Quadra tic X Quad ai 1 42.00 6.77** 11.51 3.17 
ubic x | eee | 4] 7.38 1.19 28.58 |  7.86** 
p Cubic < Quadis Де | 4 24.73 3.96* 13.14 | 3.61 
мкр шы: 2 0.77 86.08 | 23.65**® 
beu Pm 6 39.82 | 6.42** 745 | 1.96 
oled residual 2277 6.20 3.64 
ay? cos. d m j m 
S01, 
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responding incorrectly to the relevant 
dimension on a percentage of trials 
equal to the МЕ percentage. Хо 
Soup remained at this level through- 
out the 3 days of practice, however. 
By the end of the third day, 10% MF 
5 had attained the same asymptotic 
| опшарде аз Ss in the 0% MF 
oondition, Trends toward optimal 
ee were evident in the 
ords of Ss in the 20% and 30% 

* groups. 
my of performance.—The error 
of 20 of all Ss on the last three blocks 
into I aan of each day were divided 
exha не mutually exclusive and 
ustive classes. Included in Class 
Bio a Ss who made no more than 
in үөн during this series of trials; 
appr BSS 2 were those whose error rate 
roximated the rate of MF (actu- 
dide, Y S whose error rate did not 
Io. SKom the MF percentage by 
541€ than 10% within each block of 
in oe was included in this group); 
Enero 3 were those whose error rate 
eer mated 50% or chance per- 
[3 NODIS The Ss in Class 3, it can 
а сопсіидед, were responding either 
Random or, more probably, on the 
ied one of the irrelevant smahu 
ер гопа, The frequency with 
ach к class was found rm 
EF condition on each day o 
With ice is shown in Table 2 along 
of e. Corresponding mean percentages 

~'Tors, 

at е frequencies in Class 2 are smell 
numpa 8s of practice, however, the 
any Bis of Class 2 performances over 
Sach Ock of 60 consecutive trials on 
ày (shown in parentheses under 
tha 2, Table 2) is large and suggests 
angi o Obability matching was > 
Perfor; ry but identifiable stage o 
fy, О тапсе for most Ss. The group 
iig, ons of Fig. 1 are a somewhat 
cung description of the learning 
Sses taking place. Even when 


tr 


TABLE 2 
ANALYSIS OF PERFORMANCE CLASSES 
Class 1 Class 2 Class 3 
МЕ 
Day Condition 
d N N Errors N Errors 
10 14 |2(12) 13 |4) 46 
1 20 9 |2(10| 27 |9| 48 
30 5 |4(7)| 32 || 54 
10 18 |2(18| 14 |0 
2 20 13 |2(1)| 16 | 5] 49 
30 9 |5(10| 27 | 6| 45 
10 20 |0(8) 0 
3 20 15 |300» | 1$ | 2] 42 
30 7 |7(9) | 32 | 6| 54 
0 15 |4(16) 20 | 1] 45 
10 18 |2(12) 18 | 0 
*| 20 17 [300| 23 | 0 
30 16 |2(7) | 16 |2| 54 
^| o | 18 |0(10) 2| 4 
" 10 20 |0(10) 0 
a 20 20 MS 0 
30 20 |0 (9) 0 
0 20 |0(5) 0 
10 20 |0(8) 0 
6 20 20 |0(4) 0 
30 20 |0(3) 0 
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Note.—The number of Ss displaying „Class 2 
performance during any block of 60 consecutive trials 
on each day is shown in parentheses. 


group functions approximate prob- 
ability matching, the behavior of 
most Ss within groups cannot be 
similarly described. 

Event sequences.— here is sufficient 
evidence in previous results (e.g., 
Goodnow, 1955; Hake & Hyman, 
1953; Nicks, 1959) to conclude that 
individual choices in guessing situa- 
tions depend upon the short event 
sequences preceding each response as 
well as the overall proportions of 
alternatives. Thus, an analysis of 
category responses after various 
lengths of event-runs in the present 
experiment was undertaken. 

It is conceivable though unlikely 
that S might base his category 


response on the preceding correct 
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Fic. 2. Probability of a correct response 
to either level of the relevant dimension as a 
function of the length of the preceding run of 
non-MF trials. 


response or responses as signaled by 
the feedback lights, without attending 
to stimulus patterns. Mean percent- 
ages of Category 1 responses after 
one, two, three, and four consecutive 
Category 1 signals and of Category 2 
responses after identical numbers of 
Category 2 signals were tallied. There 
were no consistent changes in re- 
sponse probability as a function of 
feedback runs over the first 100 trials 
on Day 1. Since instructions mini- 
mized the usefulness of this basis of 
responding and since all Ss eventually 
adopted a mode of response based on 
stimulus characteristics, the analysis 
was not carried further, 

Figure 2 summarizes part of an 
analysis of responses to either level 
of the relevant dimension as a 
function of runs of non-MF or correct 
feedback trials. These computations 
were made for each successive block 
of 50 trials on each day separately to 
show any systematic changes in re- 
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sponse probability as Ss progressed 
from chance to asymptotic perform- 
ance. The values plotted in Fig. 2 
give the percentage of times S re- 
sponded with the proper category to 
one of the two levels of the relevant 
dimension as a function of the number 
of preceding consecutive non-MF 
trials for the last 50 trials of each day 
of practice. The results suggest no 
Strong effect attributable to run 
length in either the 10% or 20% MF 
conditions before, during, or after the 
time of apparent probability matching 
with the possible exception of a slight 
rise in percentage of correct responses 
from one to two consecutive non-MF 
trials. By contrast, Edwards (1961) 
reported negative recency effects in 
performance on early trials of a two- 
alternative learning task which dis- 
appeared later in practice. As prac- 
tice progressed, all percentages for the 
10% MF condition approached 100. 
The performance of 30% MF Ss was 
more in accord with that usually 
found in guessing games; there was а 
tendency for percentages to decrease 
as the run of non-MF trials increased 
beyond 2, particularly on the last 
150 trials of Day 3. 

Previous feedback matches.— Because 
in any problem there were only eight 
distinctly different stimulus patterns; 
S might attempt to remember the 
category indicated for each by the 
feedback signals. Incidences of this 
type reported by Goodnow and Post- 
man (1955) and observations in the 
present experiment suggested that a? 
analysis be performed to determine 
the extent to which Ss’ responses t? 
each stimulus were a function of the 
category indicated to be correct OP 
the last appearance of that stimulus 
in the sequence. Note that, if S does 
recall and does make the response 
indicated to be correct for each stimu- 
lus on its last presentation; 1:6 


EFFE 


matches the previous feedback signal, 
his percentage of errors will be the 
Prevailing MF percentage exactly. 
Thus, it is conceivable that the ob- 
served transitory probability match- 
ing in this experiment is the result of 
an attempt by 5 to match previous 
feedback, 

„The percentage of trials on which 
5» response to each stimulus was the 
Same as the feedback signal accom- 
Panying that stimulus on its last 
Presentation (percent PFM) was con- 
de separately for successive blocks 
oum trials in each MF condition. 
in e only evidence of successful match- 

8 on previous feedback appeared on 
3097 2 and 3 in the performance of 
obte: MF Ss, In all other conditions, 
jo, d percent PFM values were 
“SS than the non-MF percentages. 

Пе analysis, of course, does not 
mor site the complete lack of 
of Ching. The percent РЕМ values 
Seiya Ss in several conditions were 
non Pr pd above the prevailing 
n -MF percentages. However, the 
lumber of such Ss and the success 
um had were too small to produce 

Y clear effect in this experiment. 
Task 5 
pitalysis of variance.—The overall 
aor differences in total errors 1n 
sip, t" dong the MF groups was not 
the сап, It is noteworthy that 
lar 0% MF condition produced the 

os mean number of errors, 36.4, 

Compared to 24.6, 23.7, and 25.1 
mr the 10%, 20%, and 3076 MF 
pa, respectively. The 095 MF 
таш, differed reliably from the re- 
to DS groups (р < .01) according 
reliz oe range test. As in Task 1, 
eon practice effects within and 
inem days were recorded. Of more 
hue is the MF X Days inter- 
ер the trends in performance 

Pited by the four groups differed 
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significantly. Figure 1 and the signifi- 
cant Quadratic X Linear and Cubic 
X Linear orthogonal components of 
this interaction indicate that, al- 
though all groups reached optimal 
solution to the second problem, they 
progressed toward this asymptote at 
different rates. In particular, the 0% 
MF group approached this level more 
slowly than any other, the difference 
being most obvious on Days 4 and 5. 
There is little variation among the 
rates of the remaining groups. 

Classes of performance.—Table 2 
shows that the majority of Ss did 
make errors at a rate consistent with 
the MF percentage (15%) at some 
stage of practice but that no S 
continued to make errors at this rate 
for the duration of the experiment. 

Events sequence-——An analysis of 
percentage of correct responses as a 
function of number of preceding non- 
MF trials was performed on Task 2 
data. There was no observable 
length of run effect in the performance 
of 10%, 20%, and 30% MF Ss; their 
percentages were homogeneous within 
blocks of trials and progressed steadily 
toward 100. The 0% MF group 
showed observable recency effects on 
Day 4 which gradually decreased as 
optimal solution was attained. 

Previous feedback matches. —T here 
was no identifiable tendency for Ss 
to respond to each individual stimulus 
pattern with the category indicated 
to be correct on its preceding appear- 
ance in the sequence. Because all Ss 
eventually adopted an optimal solu- 
tion in this task, percent РЕМ values 
for all groups approximated 85 at the 
end of practice. 


Discussion 


While results of this experiment do not 
contradict those reported by Goodnow 
and Postman (1955) and by Pishkin 
(1960), they are not in strict agreement 
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with the conclusions reached in these 
studies. Most Ss, at some time during 
their search for a lawful solution to the 
concept problem, tended to commit 
errors at a rate commensurate with the 
percentage of MF trials. However, 
probability matching in the present ex- 
periment was clearly transitory. All Ss 
in the 10% MF condition and many in 
the 20% and 30% conditions eventually 
attained an optimal solution in Task 1. 
In Task 2, all 80 Ss reached the optimal 
solution. 

Several analyses were performed to 
determine what cues mediated prob- 
ability matching and the eventual at- 
tainment of optimal solution. In guess- 
ing game studies, matching is partially 
the result of guessing tendencies related 
to the structure of event sequences, 
The reasonable supposition that similar 
cues affected the behavior of Ss in the 
present task appears to be untenable, 
although there is evidence: (a) that the 
probability of a correct response was 
higher after two consecutive non-MF 
trials than after one such trial, and (b) of 
à negative recency effect in the perform- 
ance of 30% MF Ss on Task 1 and of 0% 
MF Ss on Task 2. In other circum- 
stances, probabilities of correct response 
were homogeneous across lengths of 
non-MF trial runs. A similar observa- 
tion of performance in a different but 
equally complex learning task has been 
reported by Voss, Thompson, and Kee- 
gan (1959), 

It may be, as Goodnow 
argued, that recency effects fail to occur 
in tasks which involve trial-to-trial 
variations in stimulus material and to- 
ward which SS is instructed to assume a 
problem solving orientation, Since S is 
not set to gamble or Suess in such tasks, 
the guessing habits he might otherwise 
employ, which are Presumed to produce 
recency effects, do not form a significant 
part of his response repertoire. Further- 
more, the short run patterns which 5 
might use as a basis of response choice 
are obscured by multidimensional stimu- 
lus variations. Probability matching 
observed in the present experiment may 
be entirely a function of S's search for a 


(1955) has 
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cue or set of cues which, in conjunction 
with the relevant dimension, would 
permit him to match the feedback signal 
on every trial. Alternatively, since each 
of the eight different stimulus patterns 
was displayed many times during cach 
daily session, S may use as a basis of 
response the category recalled to be 
correct for the previous presentation of 
the current stimulus pattern. This type 
of behavior was identifiable in the per- 
formance of individual Ss and in the 
overall performance of the 30% MF 
group only. Furthermore, such behavior 
was eliminated in every case in favor of 
the less complex and more rational 
tendency to respond consistently to the 
relevant dimension. The fact that 
Tesponses to previous feedback were 
most evident in the performance of 3096 
MF Ss Suggests that attempts to rc- 
member each individual stimulus pattern 
and its category are only undertaken in 
Situations in which the relevant dimen- 
sion is not clearly differentiated by 
feedback from the irrelevant dimensions 
and/or in which the number of hits, even 
under optimal solution, is close to chance. 
Two experiments presently in progress, 
in which: (а) MF percentages greater 
than 30 are explored, and (b) MF per- 
centage is varied among the eight 
different stimulus patterns, may provide 
additional evidence with respect to this 
hypothesis. 

The data analyses indicate that no 
single and definable set of cues mediates 
either probability matching or the attain- 
ment of an optimal solution. Further- 
more, they suggest that any attempt to 
Present a single description of perform- 
ance by pooling data from all Ss would 
only obfuscate the pronounced individual 
differences and is of questionable scienti- 
fic validity. 

Regardless of the reasons for or inter- 
pretation of S's performance, it is clear 
that he learns that more hits can be 
attained by consistently responding to 
the relevant dimension than by any 
other means. Furthermore, the optimal 
solution is transferable to a new task 
with a different percentage of MF. 
Those groups which were exposed to MF 
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during Task 1 showed performance on 
Task 2 superior to that of the 0% MF 
group; 0% MF Ss also displayed more 
probability matching on Task 2 than any 
other group, as expected. The lack of 
guy essential difference among the 10%, 
20%, and 30% MF conditions in Task 2 
performance supports the conclusion 
niat, within the limits of this experiment, 
2.8 Meneral mode of performance char- 
Fale rized by consistent responding to the 

evant dimension can be acquired 
pr any MF percentage. This out- 
E. dee > similar to the effects of prior 
ton ience with certain event sequences 
sarni performance on two-alternative 
ind ae situations reported by Goodnow 
Ed ee ea (1955) and may be inter- 
oppo as a reflection of the lack of 
Кы for Ss in the 0% MF con- 
CMM to learn the optimal response 

ategy for Task 2. 
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The resistance to extinction of the positive stimulus in discrimination 


learning was evaluated in 2 experiments 1 ing 
Presentation on an elevated runway. In 
groups received reinforcement to white 


(WG) or black (WB). 


(W) reinforcement. 
estimates from the с: 
tinction performance of the 
W-+ and w+ than to W+. 


Reference groups received 
under 10065 (W-+ and w+ which differ in number 


rats and single stimulus 
zxperiment I, discrimination 
and nonreinforcement to gray 
all trials to white 
of trials) or 506; 


Both mean log speed of approach and parameter 
xtinction curves showed (Tuk 
discrimination groups 


ey tests) the ex- 
as more similar to 


Experiment 1I yielded comparable results 
for WG and WB for both the 


measure. 


In simple discrimination learning, 
responses to the positive and negative 
stimuli are provided 100% and 0% 
reinforcement, respectively, This 
procedure may not, however, result 
in continuous reinforcement of re- 
sponses to all aspects of the positive 
Stimulus. If generalization between 
the positive and negative stimuli 
occurs, the possibility exists of non- 
continuous reinforcement for the posi- 
tive stimulus. Aspects of the positive 
stimulus which are similar to aspects 
of the negative stimulus would then be 
associated with a Sequence of both 
reinforced and nonreinforced trials 
during the learning period. Such a 
Sequence corresponds theoretically to 
that of partial reinforcement and 
hence might be expected to produce 
the resistance to extinction 
priate to such a schedule. 

The hypothesis following 
analysis is that responses to the 
positive stimulus of a discrimination 
will be more resistant to extinction 
than responses to 
reinforced stimulus. 


appro- 


from this 


à continuously 
Pertinent theo- 


1 These experiments were supported by 
National Science Foundation Grant No. 
G9779 to the senior author. 


approach and an additional goal platform 


retical and experimental research is 
reported by Skinner (1938), Wickens 
and Snide (1955), Amsel (1958), and 
Jenkins (1961), who also summarize 
the earlier work, Neither Skinner nor 
Wickens and Snide obtained results 
giving Strong support to the hy- 
pothesis. However, Jenkins (1961), 
employing the key peck response of 
the pigeon, reports evidence favorable 
to the hypothesis. 

The present study is directed to a 
further test of the hypothesis. Five 
groups of rats were used in the first 
experiment and training and testing 
was carried out with methods of single 
stimulus presentation on an elevated 
runway. A white goal platform was 
present on all reinforced trials for all 
Sroups. Two groups (W+ and w+) 
differed in total number of acquisition 
trials and only received reinforced 
trials to the white goal platform. 
Three additional groups received half 
reinforced апа half nonreinforced 
trials. "The white goal platform was 
Present on reinforced trials for all 
groups, but one group (W=) received 
its nonreinforcement on white, à 
second group (WG) on gray, and à 
third group (WB) on black. Com- 
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parisons of the extinction performance 
of the WG and WB discrimination 
groups to the W+, w+, and Wa 
reference groups were of primary 
Interest, 


EXPERIMENT Т 
Method 


une etis The Ss were 70 male rats ob- 
„from the Windsor Biology Gardens, 
ena aN; Indiana. The Ss were experi- 
old кы паїуе and approximately 90 days 
Even ot beginning of the experiment. 
Bni a 5 were d rded for refusal to run 
experi for apparatus failure during the 
iment, 
scrip Paratus,— The elevated runway de- 
; Ded previously by Birch, Ison, and 
Sra (1960) was used. This apparatus 
a bic: р two elevated platforms enclosed in 
Painted. compartment, 8 ft. to a side and 
0185,8 y Hae black. A T shaped partition, 
an appr ә high, divides the compartment into 
section oach platform section, a goal platform 
„on, and an entranceway for E. 
4 in, o approach platform is 12 in. long and 
The eni and placed 26 in. from the floor. 
into its of the approach platform extends 
е goal platform section. through а 


door: av: 
“Way in the partition. The goal platform, 


With ons and 4 in. wide, is placed in line 
Separate Starting. platform but 1 in. lower and 
Unpain ed from it by a l-in. gap. A small 
“ached ted aluminum foodcup could be at- 
Бако, to the terminal end of the goal 
Plac] Tm. The approach platform is painted 


Plat * while either a black, gray, or white goal 

Ment p. could be presented by an arrange- 
AE Of snap fasteners. 

Square. : light of translucent plastic, 2 ft. 
“re, is located in the cube directly over the 


Bo; xp 
al Platform, А 150-w. bulb in circuit with a 


d В . 
of s at set to give a constant illumination 
to th 9 ft-L to the goal platform is attached 


the е Ceiling of the outer room directly over 
illumi kylight. The approach platform is 
Partijo d by a 7-w. bulb attached to the 
Бао" 3ft. above. Ап infrared light beam, 
outside from two photoelectric cells placed 
appro, е cube, is directed 1 in. over the 
ў TA and 1 in. from the partition. When 
а 5 £S this beam the light in the approach 
Хоа] A Section goes out, the light above the 
the p atform s ight goes on and illuminates 
clock tt! platform, and a Standard Electric 
Proach Started. When S steps off the ap- 
Platform, a normally off microswitch 
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under the platform is released and stops the 
clock. Latency of response therefore is 
measured from the onset of illumination in the 
goal platform section until S removes its 
weight from the approach platform. A black 
door is lowered by Æ from the outer room to 
prevent retracing. 

Procedure—Preliminary training was car- 
ried out over 14 days. The Ss were handled 
5 min. daily for 8 days, pretrained on a 
natural pine elevated runway during the next 
3 days, and accustomed to the experimental 
apparatus on the final 3 days. A 22-hr. food 
maintenance schedule was imposed during 
preliminary training and the experiment 
proper by providing S with access to regular 
laboratory food for 1 hr. each day. The Ss 
were housed individually and water was 
always available. 

Five groups (W+, W=, WG, WB, and 
w+) differed in their acquisition conditions. 
Group W+ was presented with the white 
platform only for 36 trials and was 100% 
reinforced for approaching it. Groups W, 
WG, and WB received 18 reinforced trials to 
white and 18 nonreinforced trials. Group 
W- was given nonreinforcement to white, 
Group WG to gray, and Group WB to black. 
Group w-F, a 100% reinforcement group like 
W+, received 18 reinforced trials to the 
white platform and was included to control 
for the total number of reinforced trials. 

Groups W+, W, WG, and WB were 
given 14 acquisition trials on Day 1, 14 on 
Day 2, and 8 on Day 3. The pattern of 
reinforced and nonreinforced trials for Groups 


W=, WG, and WB was — +-+--+ 
++ = ++ = оп Day 1, the opposite, 
+—-f+-4¢4+—---—-t-—+tt, on 
Day 2, and — += — t t — ton Day 3. 


Group w+ was provided 10 acquisition trials 
on Day 1 and 8 on Day 2. On the extinction 
day, Day 3 for Groups W+, W=, WG, and 
WB, and Day 2 for Group w+, all groups 
were presented with 8 acquisition trials 
followed by 19 nonreinforced extinction trials 
to the white platform. 

A single .05-gm. food pellet baited the 
foodcup on reinforced trials and 5 was 
detained on the goal platform for 15 sec. with 
no foodcup present on nonreinforced trials. 


A minimum intertrial interval of 5 min. was 
maintained by running Ss in squads of 3. 
The transition from acquisition to extinction 
occurred without change in the intertrial 
interval. Two Es, } КА and КЕН, were each 
responsible for one-half of the Ss within each 
group. 
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TABLE 1 


MEANS AND SDs oF MEASURES APPROPRIATE TO EVALUATION OF EXTINCTION 
PERFORMANCE FOR APPROACH SPEED 


Group 
Measure - - 
W= WG WB w+ W+ 
| m 
Extincti зе Меап 274 174 206 | 177 194 
Extinction speed NS аг ' 15 "E k 45 
|. 
"Terminal acquisition speed Mean 310 227 | 201 E Er 
| 5 1 
[o] Mean —.11 37 57 48 1.0 
| 5р 61 35 72 178 73 
B Mean —5.32 | —312 | —5.14 | —484 | —6.98 
SD AS 3.74 2.75 4.94 3.30 
ў A Mean 2 164 190 164 166 
SD 57 60 48 St 
7 (2.432)4 — Ba Mean 375 429 352 345 
SD 132 141 89 108 
(1.320)4 — B? Mean 320 192 217 169 
SD 114 72 79 50 
Results 


Extinction data for the five groups 
are plotted in terms of log response 
speed in Fig. 1. Inspection of the 
curves suggests that the two reference 
groups (W= and W+) are appreci- 
ably different and that the other three 
groups (WG, WB, and w+) are more 
similar to the W- group than to the 
W= group. Table 1 presents the 
mean log response speed during ex- 
tinction for each group. Simple anal- 
ysis of variance yields F(4,55) = 7.156 
which is significant beyond the .001 
level. Tukey tests (Scheffé, 1959), 
using the 95% confidence interval on 
all possible pairs of comparisons 
among the five means, shows Group 
Wz significantly different from each 
of the other four groups, but no com- 
parison among the W+, w+, WB, 
and WG groups yields a significant 
difference. 

Groups WB and WG both attained 
satisfactory discrimination perform- 


ance as measured by overall differ- 
ences in log response speed to the 
positive and negative stimuli, Both 
groups respond faster to the positive 
stimulus; /(11) — 5.52, p « .001 for 
WB; and (11) = 2.65, p < .05 for 
WG. 

Interpretation of the obtained dif- 
ferences in performance during ex- 
tinction among the five groups 18 
complicated by the fact that the 
groups did not enter extinction with а 
common terminal acquisition. speed. 
Table 1 contains the mean response 
Speed on the last four presentations 
of the W stimulus for the W=, WG, 
and WB groups and on the four 
corresponding trials for the W4- and 
w+ groups. Simple analysis of variz 
ance on these data shows signifi- 
cant differences among the groups: 
PF(4,55) = 4.76, р < .005, and Tukey 
tests using the 95% confidence in- 
terval show significant differences 
between WG and W and between 
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WG апа W+. In addition, the cor- 
relation between terminal acquisition 
log response speed and mean extinc- 
Чоп log response speed is 7 = .67 for 
all groups combined and r = .92, .78, 
:65, 55, and .74 for groups W+, 
m, w+, WB, and WG, respectively. 
_ The following procedures were car- 

ried out in an attempt to obtain 
information concerning the similarity 
9f the extinction performance of the 
Ve groups that is unconfounded by 

je erences in terminal acquisition 
* It is assumed that the course 

9f extinction for all 60 Ss, and thus 
те five groups, is the same (i.e., 
for ; 1 same curve would fit the data 
E È five groups). Differences in 
mu acquisition level are inter- 
Doi simply as differences in initial 
a for extinction in reference to a 
Procedi: extinction curve and the 
translati. of the analysis allows for 
tion ation of each individual extinc- 
т! Curve parallel to the abscissa. 
differ null hypothesis is that all 
£rou ences among individual and 
ip P extinction curves will disappear 
curs, PPropriate lateral shift of each 
Paran 1ѕ carried out. That is, obtained 
; ameter values for the fitted func- 


1 . 
Оп will then be the same for all 
utves, 


Sp 
exti 


ехро assumes that extinction is 
ар ntial in form. Figure 1 in- 
linea ^ that log response speed is not 
Xtinc in relation to the number of 
En lum trials, so a second degree 
ассо, 'S included in the exponent to 
unes; date the curvature. - The 
be id log Y = a + bX + СХ? may 
Ortho, to data by the methods of 
сола! polynomials (Anderson & 

Seman, 1942), This was done for 
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the last 18 trials of extinction for each 
of the 60 Ss. 

Each S's data were fitted by log 
Y; = A; + B;X + C; X? where X runs 
from 1 to 18. Under the assumption 
of a single common extinction function 
for all Ss, however, the data for 
individual, 7, should be fit by log 
Y; = a; + b;X; + c;X?, where the X; 
are counted for each individual in 
relation to the common extinction 
function. The function, log Y; = А; 
+ B;X + C;X?, can be transformed 
into the desired form by letting 
X = X; + Ka where K; is the un- 
known amount by which X; has been 
shifted in order to carry out the curve 
fitting with the uniform set of X 
values. 

By substitution, 


log Y; 
=A: +B: (X: +K) +С (X: +K: 
= (A:+B:K:+C:K?) 
+ (Bi+2CK X; (C) X’. 
Thus, a; = A; + B;K; + CiK?, bi 
= В; + 2C;,K; and c; = Ci; where 


(100) LOG (1000/ LATENCY) 


100 M - 
6 8 10 12 14 16 18 20 


2 4 
EXTINCTION TRIALS 
Fic. 1. Extinction performance of the 


discrimination and control groups with the 
approach measure. 
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АА, B; and C; have numerical values 
from the curve fitting process and a; 
bi, Ci, and K; are unknown. 

It will be noted that c; = С; so that 
questions concerning the c parameter 
may be evaluated directly from the 
obtained C values. In addition, by 
eliminating K; in the two remaining 
equations, 4c;ja; — b? = АСА; — B? 
is obtained making tests of this com- 
posite of the a, b, and c parameters 
possible. In the case of the present 
experiment the five groups were com- 
pared with respect to mean C values 
and mean (4C4 — B?) values since 
the null hypothesis proposes no dif- 
ferences among groups for these 
quantities. Table 1 also summarizes 
the means and SDs of the parameter 
values for the five groups. 

An indication of the adequacy with 
which the function log Y; = .1; + B;X 
+ C;X? fits the data for the 60 Ss may 
be obtained from the ratio of the SS 
for the linear and quadratic com- 
ponents to the total S.S. These values 
range from a low of .002 to a high of 
.787 with a median of .364. Medians 
of .422, .365, .348, .326, and .414 were 
found for groups W+, WG, WB, w+, 
and W+, respectively. These values 
indicate the data for the five groups 
are fitted with moderate but com- 
parable success. 

Simple analysis of variance com- 
paring the five groups with respect to 
mean C value yields (4,55) = 3.75 
which is significant beyond the .01 
level. Tukey tests using the 95% 
confidence interval on all possible 
pairs of comparisons among groups 
show only the difference between the 
W= апа W+ group to be significant. 
Thus, the analysis on the C parameter 
measure bears out the difference be- 
tween the two reference groups, but 
does not provide the basis for a 
decision concerning the three ex- 
perimental groups. 
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The experimental groups were eval- 
uated with respect to the W+- and W= 
groups by two further analyses using 
the 4C4 — B? measure. This meas- 
ure, however, is sensitive to the value 
of C used. So Table 1 indicates two 
sets of means and SDs for (4С — B?) 
using, first, Mean C — 0.608 com- 
puted from Groups W+, w+, WB, 
and WG and second, Mean C = 0.330 
computed from Groups W, w+, 
WB, and WG. Simple analysis of 
variance on the first measure yields 
nonsignificant differences among 
groups, F(3,44) = 1.10, p < .20. For 
the second measure, significant differ- 
ences among groups are obtained, 
Е(3,44) = 7.33, p < .001, and sub- 
sequent Tukey tests using the 95% 
confidence interval show all three 
experimental groups to differ signifi- 
cantly from W, but not to differ 
among themselves. 

The results of the additional anal- 
yses performed to control for different 
terminal acquisition levels among 
groups correspond to the results of the 
original analysis; namely, Group W + 
differs from Group W+, and Groups 
w+, WB, and WG are more similar 
to Group W+ than to Group W=. 
Experiment 11, employing only Groups 
WB and WG, was carried out to 
obtain further data on the terminal 
acquisition response speed and its 
relation to extinction for these two 
conditions. 


T 


EXPERIMENT II 

A suggested explanation? for the 
slower terminal acquisition speeds of 
the discrimination groups (particu- 
larly WG) is that Ss in these groups 
are exposed to two stimuli over the 
course of training while Ss in the other 
&roups are exposed to only one. 
Since the latency of response is 
measured from the time the goal plat- 

* G. S. Blum and W. J. McKeachie. 
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form stimulus is presented until $ 
leaves the approach platform, Ss may 
respond more slowly in the dis- 
crimination groups because time is 
taken for "stimulus processing" (e.g. 
in the making of observing responses). 
If this were the case, it might also be 
expected that more time would be 
taken by the WG than the WB group, 
à conjecture that is compatible with 
the findings of Exp. 1. 

In Exp. II, a larger goal platform 
is used and both the running speed 
While on the goal platform and re- 
Sponse speed in leaving the approach 
Platform are recorded. The latter 
measure is used as a replication for 
Exp. I, and the new measure is in- 
tended to minimize the "stimulus 
Processing” time referred to since it is 
taken after $ enters upon the goal 
platform and is presumably respond- 
ing to the cues of that platform. The 
acquisition and extinction perform- 
ance of the two groups, WG and WB, 
àre compared using both measures. 


Method 


Subjects —The Ss were 27 experimentally 
Naive male pigmented rats from the colony 
Maintained by the Michigan Psychology 

epartment. The Ss were approximately 90 
days old at the beginning of training. Two 
Ss were discarded, 1 from Group WB for 
refusal to run and 1 from Group WG 
because of apparatus failure, leaving the 
&roups with 12 and 13 Ss, respectively. : 

Apparatus.—The elevated runway of Exp. 

Was adapted for Exp. Il by the addition of 
two photoelectric cell units which are mounted 
externally to the apparatus housing and which 
Control stopping the two Standard Electric 
clocks. The sequence of S's behavior and the 
resulting time measures are as follows: S first 
breaks the infrared beam located at the end 
of the approach platform starting three clocks 
and turning on the goal chamber illumination. 
The first clock stops by а microswitch 
arrangement when S leaves the approach 
Platform, the second clock stops when the 
infrared beam located 8 in. from the beginning 
of the goal platform is broken, and the third 
clock stops when S interrupts the infrared 


beam 7 in. from the end of the goal platform. 
The time measurements of interest are the 
latency of S in leaving the approach platform 
(the same measure as in Exp. I) and the time 
taken by S to travel the 10-in. section of the 
goal platform. The latter measure is ob- 
tained by subtracting the second clock 
reading from the third clock reading. The 
goal platform is 25 in. long and 4 in. wide and 
painted either black, gray, or white as in 
Exp. I. 

Procedure.—' The procedures of Exp. I were 
carried out in Exp. II with one exception. 
In Exp. II both groups were given 26 acquisi- 
tion trials in the sequence, + — + + — — 


eene inre cepa а а rm 
+ + = —, on Day 1. On Day 2, 8 addi- 
tional acquisition trials in the sequence, 
+= + + — — + —, were provided prior 


to 19 extinction trials. 


Results 


Figure 2 shows both time measures 
in terms of mean log response speed 
during extinction for the two groups. 
The same kinds of analyses were 
carried out on these data as in Exp. I. 
Table 2 summarizes the data. The 
results are as follows: 

1. Overall differences between the 
speed to the positive and negative 
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Fic. 2. Extinction performance of the WB 
and WG discrimination groups with the ap- 
proach and the goal measures. 
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TABLE 2 


MEANS AND SDs oF MEASURES APPROPRIATE TO EVALUATION OF EXTINCTION 
PERFORMANCE FOR APPROACH AND GOAL PLATFORM SPEEDS 


Approach Speed Goal Platform Speed 
Measure 
Group WG Group WB Group WG Group WB 
Extinction speed Mean 206 188 303 310 
SD 38.0 60.3 26.5 17.7 
Terminal acquisition speed | Mean 281 270 322 333 
SD 44.8 68.6 13.8 10.4 
С Меап .58 afd 02 04 
SD .64 42 .50 .32 
B Mean —4.08 —6.71 —1.51 —.54 
SD 5.00 4.07 2.04 1.76 
A Mean | 190 168 3002 | зов 
5р 44.8 64.1 35.1 22.7 
(2.764)A — В? Mean 484 404 
SD 99 184 
(.126)A — B? Mean 32 36 
SD 11 6 


stimuli favor the positive stimulus in 
both groups on the approach platform 
measure, ¢(11) = 2.63, р < .05 for 
WB and ¢(12) = 1.41, p « .10 for 
WG, but do not agree in direction 
with 


the goal platform measure, 
t(11) = 1.17, р> .20 for WB and 
1(12) = — 0.74, p > .40 for WG. 


2. The mean difference in speed to 
the positive and negative stimuli is 
greater for WB than for WG, but the 
means for the two groups do not differ 
significantly, F(1,23) < 1.00 for the 
approach measure and F(1,23) = 1.95, 
p > .10, for the goal platform measure. 

3. Differences between terminal ac- 
quisition speeds, to the positive stimu- 
lus for the two groups, as suggested in 
Exp. I, were not found for the ap- 
proach measure, F(1,23) < 1.00, but 
favor the WB group with the goal 
platform measure, F(1,23) = 4.43, 
p < .05. No differences between the 
two groups during extinction ap- 
proach significance with either plat- 


form measure by analysis of log 
response speed, the C values, or 
4CA — В. 


DISCUSSION 


The performance of the groups during 
extinction shows (a) that the WG and 
WB groups do not differ from each other 
and (b) that both are more similar to the 
W-+ and w+ groups than they are to the 
W group. Thus, for the conditions of 
the present experiments, no resistance to 
extinction beyond that appropriate to a 
100% reinforced stimulus can be attrib- 
uted to the positive stimulus of the 
discriminations. 

Jenkins (1961), however, using the 
key press response of pigeons, has 
demonstrated greater resistance to ex- 
tinction for the positive stimulus of a 
discrimination than for the same stimulus 
under simple 100% reinforcement. In 
addition to the apparent difference in Ss 
and apparatus, three procedural differ- 


ences between the studies may be 
particularly important. 


EXTINCTION FOLLOWING DISCRIMINATION TRAINING 


First, the difficulty of the discrimina- 
Чоп was different in the two cases. 
Jenkins used stimuli which were small 
horizontal or vertical dark lines on a 
back lighted key. That a relatively 
difficult discrimination problem resulted 
is seen from his report that 17-25 
training sessions, each with a minimum 
of 40 trials, were required to reach 
criterion. This contrasts with the pres- 
ent experiments in which clear evidence 
of discrimination appeared after only 36 
trials. 

Second, Jenkins provided 5-7 days of 
100% reinforced training to the positive 
Stimulus alone prior to discrimination 
learning. Such pretraining was not 
given in the present study. Я Я 

А third difference in the experiments 15 
in the procedure during extinction. The 
only change Jenkins made in going from 
acquisition to extinction sessions was to 
remove the reward. The discrimination 
group continued to be presented with the 
negative stimulus just as during acquisi- 
tion. This produced different extinction 
conditions for his three groups (inter- 
mittent, 100%, and discrimination). In 
the present experiments, only the posi- 
tive stimulus was presented during 
extinction. 

The failure to replicate in Exp. II the 
difference in the speed of approach to the 
White platform at the end of acquisition 
for Groups WB and WG, suggested in 

xp. I, warrants brief mention. Exami- 
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nation of all four groups points to WG 
in Exp. I as the deviant group. Differ- 
ences in}S population, acquisition pro- 
cedures, and length of goal platform were 
present in the two experiments but 
suggest no compelling hypothesis to 
account for the result. The conclusions 
concerning the resistance to extinction of 
the WG and WB groups are the same 
despite the differences in acquisition 
results in the two experiments. 
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PRIOR EXPERIENCE AS A DETERMINANT 
OF FIGURE-GROUND ORGANIZATION 


HENRY G. CORNWELL 


Lincoln University 


The failure to reproduce Rubin's aftereffect reported by Rock and 
Kremen (1957) was hypothesized as due to the absence from their 
training figures of the same black-white context that existed in their 
ambiguous test figures. This context was provided in the present 
experiment by training Ss in figure perception with reversible but un- 
balanced black-white designs, and subsequently testing them with 


identical contours in balanced designs. 


experimental and control Ss' 
significant effect (p « .02): 
organization in the ambiguous 
the training designs. 


Ss 
tes 


Recently doubt has been expressed 
concerning the validity of the con- 
clusions reached by Rubin (1921) as 
to the effect of prior experience on 
figure-ground organization. In Ru- 
bin's experiment Ss were instructed 
to perceive a given part of an am- 
biguous design as figure. After ex- 
tensive training the Ss were later 
shown the same designs interspersed 
with other ambiguous designs that 
they had not previously seen, and 
were asked to report in what part of 
each design they perceived figure. 
Upon the basis of his results Rubin 
concluded that the prior training with 
the designs produced a significant 
effect on the way in which they were 
subsequently perceived. Similar con- 
clusions have been reached by Schafer 
and Murphy (1943) concerning the 
effect of prior reward, and by Smith 
and Hochberg (1954) concerning the 
effect of prior punishment on the 
subsequent perception of rewarded or 
nonpunished halves of ambiguous and 
reversible facial profiles. Rock and 
Kremen (1957) carefully reviewed 
Rubin’s experiment, and concluded 
that several defects in his procedure 
made it difficult to accept his results 
as convincing evidence of the effect 


Comparison (chi square) of 


responses to test designs revealed a 


perceived the same figure-ground 
t designs that they had perceived in 


he reported. Modifying Rubin's pro- 
cedure, these investigators trained 
Ss on one of the halves of 8 ambiguous 
designs, and after a S-min. inter- 
mission they presented test designs 
containing both halves of the re- 
versible figures interspersed with 10 
control designs that had not been 
seen during training. Negative re- 
sults were obtained. 

The present investigator conceives 
that the crucial condition for pro- 
ducing such an effect as that reported 
by Rubin is the preservation of the 
same contextual relationship from the 
unambiguous training situation to the 
ambiguous test situation. This condi- 
tion was satisfied in each of the 
similar investigations reporting such 
an effect. Rock and Kremen, how- 
ever, in making certain that their Ss 
could see only the desired halves as 
figure during training, eliminated 
from the training situation the black- 
white contextual relationship which 
is here hypothesized as necessary for 
the production of the effect. The 
present experiment, therefore, is a 
replication of the Rock and Kremen 
experiment, in which the training 
procedure has been modified so as to 
provide the same contextual relation- 
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One of the eight unbalanced 
training designs. 


Ship during training that will exist in 
the test, and at the same time afford 
a partial control over what the Ss 
Perceive during training. lt is as- 
Sumed that both of these objectives 
can be achieved by presenting spa- 
tially unbalanced contours in the 
training situation, and the same con- 
tours spatially balanced in the test. 
Specifically, the hypothesis proposed 
is that if a contour between black and 
White areas is presented tachisto- 
Scopically and the black and white 
areas are strikingly unbalanced or 
Unequal, a given S will tend to be 
Consistent in perceiving one of the 
areas as figure. If the same contour 
15 later presented between black and 
White areas that are approximately 
balanced or equal, the S will tend to 
Perceive the same area as figure that 
he perceived when the two areas were 


Unequal. 
METHOD 


Materials —Facsimiles of the eight test 
figures published by Rock and Kremen (1957) 
Were used in the present experiment. Stimu- 
lus targets were constructed of 3-in. squares 
9f neutral gray cardboard, on which were 
mounted 2-in. squares containing black and 
White areas separated by a contour. Eight 
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training targets were constructed so that 
either the black or white area was greatly in 
excess of the other. The white area was 
greater than the black in half of the targets, 
and the black was greater than the white in 
the other half. Both white and black ap- 
peared equally often on the right and left, and 
each combination of size and color of area 
appeared equally often in both positions. 
One of the training targets is shown in Fig. 1. 

Eighteen test targets were constructed 
the same size as the training cards. Eight of 
the test targets contained the same contours 
as the training designs, but the central con- 
tour separated equal areas of black and white 
in each case. The remaining 10 test targets 
were designated control designs, as they con- 
tained contours unlike any of those occurring 
in the training designs. The black and white 
areas in the control designs were also equal 
in each case. Examples of test and control 
designs are shown in Fig. 2 and 3. А demon- 
stration target unlike any of the training or 
test designs was also prepared. Photometric 
determination of the percent reflectances of 
the white, gray, and black components of the 
targets showed these to be, respectively, 
84%, 39%, and 7%. Targets were presented 
at a distance of 38 in. from the S’s eyes by 
means of a falling screen tachistoscope 
adjusted for 1-sec. exposures. All observa- 
tions of the training and test designs were 
binocular. 

Subjects.—The Ss were 40 Negro male 
college students from all classes at Lincoln 
University. They were randomly assigned 
to compose an experimental and a control 
group of 20 Ss each. Experimental and 


Ambiguous test design corresponding 
to the training design. 
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Ks cue a ves 


Fic. 3. One of the 10 ambiguous 
control designs. 


control Ss were alternately scheduled for 
sessions in the laboratory. The Ss were paid 
for their services. 

Procedure.—Each S was shown a repro- 
duction of Rubin’s reversible vase-profiles 
figure and given a demonstration of how 
either the black or white portion could be 
seen as figure. Then he was read the following 
instructions: 


This is an experiment to see how certain 
factors affect your perception of figures. 
You will be shown designs like this one very 
rapidly, and you are to tell me which part 
of the design, the black or the white, looks 
like figure rather than like the background. 
A figure usually looks as though it is in front 
of the background. Also a figure seems 
to have a definite shape while the back- 
ground does not. As soon as you see 
a design you are to say out loud wheth- 
er the white or the black part looks 
like the figure. If both parts, black and 
white, look like figures, you may say, 
"Both." If neither the white nor the black 
looks like a figure, you may say, “Neither.” 
Now look at this card and tell me which 
part looks like a figure. 


The 5 was seated comfortably in front of 
the tachistoscope with his chin resting on his 
folded arms, which in turn rested on the end 
of the laboratory table. By looking straight 
ahead at eye level the S saw a 3-in. square of 
neutral gray cardboard against a black screen 
under a constant incandescent illuminance of 
1.2 ft-c. This provided a pre-exposure field. 
After a ready signal the lower screen was 
released to expose the demonstration target, 


which was the same size and in the same 
position as the gray pre-exposure square. 
The demonstration target was visible for 1 
sec. and was then covered by the upper screen, 
upon which a 3-in. gray cardboard square 
provided a postexposure field. Each experi- 
mental S was then shown the eight un- 
balanced training designs eight times over in a 
counterbalanced order, so that each design 
appeared once in each of eight serial positions. 
The S's response to each design was recorded 
after its number on a record formas B (black), 
W (white), = (both), and O (neither). At 
the end of the training series the 5 was told: 

“Now we will do something a little differ- 
ent. I shall show you some sentences in the 
same way to see how well you can read them.” 

A 15-тіп. interval was filled with the 
repeated tachistoscopic presentation of from 
one to five short sentences typed on white 
cards until each was read aloud without 
error. The S was then told: 

“Now we will see some more designs. 
Again you are to tell me which part of the 
design looks like a figure, just as you did 
before.” 

The 8 test designs containing the same 
contours as the training designs were pre- 
sented interspersed with the 10 control 
designs in such a way that no 2 test designs 
occurred in succession. The first two targets 
in the test series were always control designs. 
The 18 designs were then randomly spread 
out on the laboratory table and S was 
instructed to pick out and hand to E any 
that he recognized as having been presented 
before the sentences were shown, and to 
specify the part of the design that seemed 
familiar to him. Designs and parts recognized 
were checked on the record sheet. 

Control Ss were given the same initial 
instructions and shown the demonstration 
target, after which they were told: 

“Before we do more like this, I shall show 
you some sentences in the same way to see 
how well you can read them." 

A 15-min. interval of sentence presentation 
was followed by presentation of the 18 test 
and control designs, which concluded the 
session for control Ss. All Ss were requested 
not to discuss the experiment. 


RESULTS 


Training data.—In order to deter- 
mine whether any of the eight un- 
balanced training designs were per- 
ceived in the same way by all Ss, a 
tabulation was made of the frequency 
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with which each S saw the black, 
White, neither, or both areas of the 
training designs as figure. Inspection 
of Table 1 shows that no training 
design was consistently perceived by 
a significant majority of Ss in the same 
way. After eliminating 5s who saw 
both parts of a design equally often 
аз figure, comparison of the number 
Who saw the black area of a given 
design as figure with the number who 
Saw the white area of the same design 
as figure shows no significant de- 
Darture of the obtained frequencies 
Írom frequencies expected upon the 
basis of an equal probability hy- 
Pothesis, The design showing the 
greatest variation from the expectancy 
9B-9W is Training Design 1 with 
Frequencies 6B-12W, x*(1) = 2.00, 
b < .20. 

In order to evaluate the effect of the 
Prior training upon the subsequent 
Perception of figure in the ambiguous 
test designs it was necessary to 
identify and classify together all Ss 
Perceiving each training design in the 
Same way. Accordingly, a tabulation 
by training design of the response 
frequencies of all Ss perceiving the 
lack area as figure more often than 
the white was made; a similar tabula- 
tion for Ss perceiving the white area 
as figure more often than the black 


TABLE 1 
NUMBER or Ss SEEING BLACK OR WHITE 


AREA Or THE EIGHT TRAINING 
DESIGNS AS FIGURE 


Ss Seeing Both 


Traini Ss Seeing | Ss Seeing ceing Bot! 
Design | Black as | Wiee’ | UU iure 

1 6 12 2 

2 7 11 2 

3 11 8 1 

1 8 11 1 

5 10 8 2 

$ 9 9 2 

7 11 9 0 

8 12 8 0 
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TABLE 2 
TRAINING DATA IN RESPONSE FREQUENCIES 
Ss Seeing Black Ss Seeing White 
Training as Figure as Figure 
Design 
Black | White Black White 
1 39 8 11 75 
2 42 8 10 71 
3 75 6 T 42 
+ 46 9 11 65 
5 54 5 11 36 
6 51 11 4 60 
T 63 17 3 61 
8 | 7 12 4 47 
Total | 444 76 61 457 
| 


was made. ‘The total responses to 
each training design for these two 
categories are shown in Table 2. 
“Both” and “Neither” responses have 
been omitted froni this and all sub- 
sequent tabulations and evaluations. 

Ambiguous test design data.—Eval- 
uation of the effect of prior training 
requires the comparison of responses 
made by the experimental Ss to the 
ambiguous test designs with responses 
made to the same designs by control 
Ss who received no prior training. 
Therefore, tabulations were made of 
responses to the same test designs for 
experimental Ss and for control Ss 
corresponding to the experimental Ss 
in terms of order of treatment in the 
laboratory. For example, the re- 
sponses to ‘Test Design 1 made by 
Experimental Ss 3, 4, 6, 13, 16, and 
17, who saw the black area of Training 
Design 1 as figure, were compared 
with the responses to Test Design 1 
made by Control Ss 3, 4, 6, 13, 16, 
and 17. 

Table 3 shows the responses made 
by experimental and control Ss to the 
8 ambiguous test designs and to the 10 
control designs. Comparison of the 


.test design totals for the experimental 


Ss who saw the black area of the 
training designs as figure (distribution 
in upper half of first column; Totals 
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TABLE 3 


FREQUENCY OF FIGURE PERCEPTION IN BLACK AND WHITE AREAS OF THE 
AMBIGUOUS DESIGNS BY EXPERIMENTAL AND CONTROL 55 


i 4 iment E J i 
Egemen ss | comede | паара | Card 
Black White Black White Black White Black White 
Test Designs 
1 6 0 2 3 2 8 2 9 
2 5 1 4 2 4 6 5 6 
3 10 0 7 4 0 5 4 3 
4 4 1 3 4 1 9 2, 7 
5 4 0 5 4 1 4 5 1 
6 7 0 4 5 2 6 3 5 
7 7 3 3 7 0 7 1 7 
8 8 2 7 3 1 2 4 3 
Total 51 7 35 32 11 47 26 41 
Control Designs 
1 5 5 7 2 4 5 7 3 
2 9 3 10 3 7 3 10 2 
$ 7 1 4 2 6 1 3 1 
4 7 2 8 4 6 2 7 4 
5 4 6 3 4 3 6 2 2 
6 6 8 4 8 5 8 3 8 
7 6 2 6 7 5 1 6 6 
8 7 5 7 7 5 6 6 8 
9 1 1 1 8 0 1 1 6 
10 3 а 4 4 0 3 4 3 
Total 55 36 54 52 41 36 49 43 


51B-7W) with the same test design 
totals for corresponding control .Ss 
(distribution in upper half of second 
column; Totals 35B-32W) reveals a 
significant effect,  x?(1) = 18.46, 
p < .001. Similarly, comparison of 
the test design totals for experimental 
Ss who saw the white area of the 
training designs as figure (distribution 
in upper half of third column; Totals 
11B-47W) with the test design totals 
for corresponding control Ss (dis- 
tribution in upper half of fourth 
column; Totals 26B-41W) shows a 
significant effect, (1) = 5.93, 

< .05. Comparisons of responses 
made by experimental Ss to control 
designs with responses made by cor- 
responding control Ss to control 
designs (distribution in lower half of 


first column having Totals 55B-36W 
with distribution in lower half of 
second column having Totals 54B- 
52W; and distribution in lower half 
of third column having Totals 41B— 
36W with distribution in lower half 
of fourth column having Totals 49B- 
43W) show no significant differences, 
x2(1) = 1.80; x2(1) = 0.00. These 
comparisons and evaluations are sum- 
marized in Table 4. 

Recognition data.—Table 5 shows 
the frequency with which each test 
design was “recognized” as having 
been seen previously during training, 
and identifies the part of the design 
recognized as to how it was perceived 
on the test trial. Entries in the table 
for control designs are false recogni- 
tions. Analysis of the totals shows 
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that in 96 out of 160 test design 
presentations correct recognitions were 
obtained, 65 of these being in the area 
perceived as figure and 31 in the area 
Perceived as ground. In 21 out of 
200 control design presentations false 
recognitions were obtained. The 
difference between test design rec- 
ognition and control design false 
recognition totals reveals a significant 
recognition effect, x(1) = 99.13, 
b < .001, for the test designs which 
May be attributed only to the prior 
experience with the corresponding 
training designs. 


DiscussioN 


The results clearly show a significant 
effect produced by the prior training 
With the unbalanced designs upon the 
Subsequent perception of figure in the 
ambiguous balanced designs. This effect 
Was observed when experimental Ss' 
responses to test designs were compared 
With corresponding control Ss’ responses 
to the same designs. It appears, then, 
that one of the necessary conditions for 
the demonstration of the effect originally 
reported by Rubin (1921) is the preserva- 
tion of the same context in the stimulus 


TABLE 4 


SumMARy оғ COMPARISONS BETWEEN 
EXPERIMENTAL AND CONTROL 
RESPONSES 


Comparison 


Experimental (B) Ss’ test designs 
With corresponding control 5s 
" lest designs 
Experimental (W) Ss' test designs 
With corresponding control Ss 
test designs 
Experimental (B) Ss' control de- 
Signs with corresponding control 
5 control designs 
Experimental (W) Ss’ control de- 
Signs with corresponding control 
S control designs 
ы лл. 


* 
b «.05 

ж 1 
*? <.001. 


18.46*** 


5.93* 


1.80 


0.00 


101 


TABLE 5 


RECOGNITION DATA 


Part of Design Recognized 
Total 
Recognitions 
Figure Ground 
Test Designs 
1 5 4 9 
2 11 1 12 
3 11 6 17 
1 1 3 10 
5 T 7 14 
6 10 1 11 
7 LT 2 13 
8 3 7 10 
Total 65 31 96 
Control Designs 

1 0 1 1 
2 2 0 2 
3 1 2 3 
4 0 3 3 
5 0 0 0 
6 1 2 3 
7 1 2 3 
8 1 3 4 
9 0 0 0 
10 1 1 2 
Total 7 14 21 


designs from the prior training to the 
subsequent test. 

A plausible explanation of the results 
obtained in this experiment, and in the 
earlier studies cited, would postulate the 
development of a specific set or percep- 
tual bias for each training design. In 
terms of trace theory this specific set 
could be correlated with the development 
of the trace of a relationship in which a 
contour functions in a given way. The 
recognition data confirm the effectiveness 
of the training experience in establishing 
cues for the recognition of the designs. 
Although the Ss reported recognition of 
figure twice as often as recognition of 
ground, the fact that a third of the 
recognitions appeared in the ground sug- 
gests strongly that neither the figure nor 
the ground organization is the crucial 
determinant of recognition, but that the 
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contour is the element that is recognized. 
This interpretation answers the question 
raised by Rock and Kremen (1957) as to 
how any relevant trace can enter into 
the process that determines a percept if 
that trace cannot be aroused until after 
the form (figure) is perceived. It is 
suggested that the contour, not the 
figure, is first perceived and recognized, 
thereby reactivating a relational trace, 
which in turn determines which region 
of the ambiguous stimulus field will be 
perceived as figure. 


HENRY G. CORNWELL 
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AN ANALYSIS OF SOME FACTORS UNDERLYING 
INTRALIST ASSOCIATIVE TRANSFER IN 
PAIRED-ASSOCIATE LEARNING! 

JOHN C. McCULLERS? 


University of Texas 


A within-list method proposed 
strength and degree of compe 
as the basis of a logical analysis. 


model, the analysis resulted in the 
6th grade children served as Ss in 
ts supported an hypothesis that number and ty 
are important in determining the degree of intralist 
A general implication was that the new models 
an the original method for the purpose 
to the interaction of habit and drive. 


The resul 
petitive connections 
associative transfer. 
might prove less complicated th 
of assessing hypotheses relating 


This study is concerned with the 
Tole of selected factors as determinants 
of intralist associative transfer in ver- 
bal paired-associate learning. It is 

ased on extensions of a within-list 
method originally proposed by Spence 
(1956) for varying the factors of 
associative strength and interference. 

Basically, Spence's method consists 
in constructing the paired-associate 
list in such a way that the stimulus 
and response items of certain word 
Pairs are linked by initially strong 
Associative connections while the re- 
maining pairs have initially weak 
Connections. Further, the stimulus 
items of the strong and weak pairs are 
Synonymous, so that a strong associa- 
tive connection also exists between 


! This study is based on a PhD dissertation 
Submitted to the Graduate School of the 
Niversity of Texas. The research was sup- 
Ported in part by a United States Public 
ealth Service Predoctoral Research Fellow- 
ship (MF-13000) from the National Institute 
of Mental Health and in part by an NIMH 
Srant (M-4240) to Alfred Castaneda, to 
Whom the author is indebted for supervision. 
€ manuscript was written at the Institute 
9f Child Development, University of Min- 
paota, during the tenure of a Postdoctoral 
NIME Fellowship (MF-13000-C1) from 


* Now at San Jose State College. 


by Spence for varying associative 


tition in paired-associate learning served 


With Spence's method as the basic 
formulation of 2 new models. 48 
an investigation of these 3 models. 
pe of com- 


the stimulus item of a weak word pair 
and the response item of a strong 
word pair. А diagram and example 
of this method are given below: 


Sa — Ra BEAUTIFUL — UGLY 


z 


S, ——— Кв PRETTY — —— SHIRT 


'The solid-shaft arrows indicate ini- 
tially strong associative connections 
and the broken-shaft arrows indicate 
initially weak connections. According 
to theory, learning of the weak S-R 
pair would be expected to occur in the 
presence of strong competition pro- 
duced by Sa — Ra. Early in train- 
ing, learning of the strong pair 
(Ss > Ra) would be expected to 
proceed with minimal interference due 
to the initially strong associative con- 
nection and the absence of any 
initially strong competing connection. 
However, an hypothesis has been 
advanced (Ramond, 1953; Spence, 
Farber, & McFann, 1956) which holds 
that as the weak pair is learned, a 
generalized association may develop 
between Sa and Rg which would 
impair performance on the strong 
pair later in training. 

The purpose of the present paper 
is to illustrate that within Spence’s 
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original method there are logically 
two sources of competition present. 
For example, in addition to the strong 
connections indicated, i.e., Ss — Ra 
(BEAUTIFUL — UGLY) and 54, — R4 
(PRETTY — UGLY), an initially strong 
connection would also seem to exist, 
though not shown, between the two 
synonymous stimulus items, i.e., 
Sa — Sar (BEAUTIFUL — PRETTY). 
Thus, one source of competition arises 
from the presence of an interstimulus 
item association and another arises 
from an inter-word-pair S-R associa- 
tion. Since two words may be 
strongly associated for reasons other 
than synonymity; e.g., homonymity, 
functional relationships, etc., it would 
appear possible to construct a method 
having only one or the other of these 
two sources of competition present. 
With Spence's method, redrawn to 
show the interstimulus item con- 
nection, as the basic model (1), one 
might construct a model (11) in 
which the stimuli are strongly asso- 
ciated but in which there is no strong 
connection between Sy and Ra. 
Similarly, one might construct a 
model (111) in which both stimuli are 
strongly associated with R4 but are 
not in themselves associated. Dia- 
grams of these three models are 
presented in Fig. 1. 

A word is perhaps in order concern- 
ing the reversibility of associations. 
Although the arrows employed in the 
diagrams imply a unidirectionality 
of association, it is obvious that this 
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is not always the case. Since the 
nature of the task ensures that the 
stimuli always precede the response 
items, the problem of directionality is 
perhaps not as critical in the case of 
S-R associations. With respect to the 
strongly associated, synonymous 
stimuli, however, it is apparent that 
the association 54, — S4. (PRETTY > 
BEAUTIFUL) is no less important as a 
source of interference than S, — Sw 
(BEAUTIFUL — PRETTY). Accordingly, 
Sa = 54, should be considered as a 
source of competition to the learning 
of the strong word pair and 54, — S4 
as a source of competition to the 
learning of the weak pair. 

With respect to learning the strong 
pair, the interstimulus item connec- 
tions of Models I and Il would be 
expected to serve as: (a) direct 
sources of interference which would 
produce stimulus errors and (b) in- 
direct sources of interference which 
might provide for generalized response 
errors later in training as the weak- 
pair associative connection becomes 
stronger. With respect to learning 
the weak pair, the interstimulus item 
connections of Models І and II would 
be expected to serve as direct sources 
of stimulus errors and indirect sources 
of generalized response errors. The 
inter-word-pair S-R connections of 
Models 1 and 111 would be expected 
to serve as direct sources of response 
errors. 

It might be predicted, therefore, 
that Ss would make: (a) more stimu- 
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The three basic models. 


INTRALIST ASSOCIATIONS IN PA LEARNING 


lus errors оп both strong and weak 
Word pairs in Models | and 11 than in 
lll, (b) more generalized response 
errors on the strong pairs in Models I 
and I| than in lll, and (c) more 
response errors on the weak pairs in 
Models Гапа 11 than in 11. Further, 
Since the generalized support (through 
S. — S. and Sa — Ra) of the com- 
petitive connection Sa = Ra in Model 
І would tend to maintain Sv > Ra 
as a strong source of competition 
throughout training, Ss would be ex- 
Pected to make more response errors 
Оп the weak pairs in Model I than in 
Model 111. 


METHOD 


Subjects, Тһе Ss consisted of 48 sixth 
Stade children? possessing а minimum of 
fourth grade reading ability. Sixteen Ss, 8 
males and 8 females, were randomly assigned 
to each of the three basic conditions. 

Apparatus and material—A Hunter Card 
Master (Model 340) was used to present the 
task lists. The task words were selected from 
а list standardized on fourth, fifth, and sixth 
8rade children (Castaneda, Fahel, & Odom, 
1961). The S.R pairs were constructed in 
accord with the diagrams of Fig. 1 and are 
Presented in Table 1. Four sets of word pairs 
Were employed in each condition with each 
Set consisting of a strong S-R pair and а weak 
Pair immediately below. The associative 
Strengths of the strong S-R pairs and various 
Competitive connections were approximately 
^ 70; weak pairs carried initial a sociative 
Strengths of approximately 1%. The asso! 
tion between the words of different sets in 
fach condition was initially low (approxi- 
mately 1%). ved 

Procedure.—Vach S participated individu- 
ally and was instructed as follows: 


This is a game to see how well you can 
learn. This is how it goes. Here on this 
Side (E points to left aperture) a little 
Window will open up and you will see a 
word. A few seconds after this window 
Opens, the window on this side (E points 
_——— 


©. В. 
Public 


st 
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and to Leila S, Fahel of the Office of Child 
esearch, the University of Texas, for their 
assistance in making Ss available. 


TABLE 1 
Worp Pairs кок EAcH CONDITION 


Stimulus 
А Кеѕропѕе 
Cond. I Cond. 1 Cond. III 
LONG* LONG* SHORT 
BIG LITTLE BROKEN 
nor нот" COLD 
WARM BOILING FUNNY 
LIGHT^ LIGHT® DARK 
BRIGHT SUN REAL 
PRETTY® PRETTY® | PRE NICE 
UGLY GOOD SAME 


a Strong associative pairs. 


to right aperture) will open and you will 
see a second word. Your job is to guess 
what the second word is before its window 
opens. You say the word out loud so that 
l can hear you. Do you think you under- 
stand how it goes now? Fine; now we are 
ready to start. Remember, you are to say 
out loud the second word which is going to 
appear in the second window before the 
window opens. In the beginning you will 
make a lot of mistakes, but as you learn 
how it goes you won't make so many 
mistakes. Ready? Any Questions? 


Each stimulus item was exposed for a 
4-sec. period consisting of a 2-sec. anticipation 
interval and a 2-sec. simultaneous presenta- 
tion with the response item. А 2-sec. inter- 
pair interval in which both windows of the 
apparatus were closed followed the exposure 
of each word pair. The pairs of each list were 
presented randomly and, to minimize serial 
learning, three different orders of exposing 
the pairs were employed. Each S was taken 
to a criterion of 1 errorless trial or to a 
maximum of 24 trials. A trial consisted of 
one exposure of each of the eight word pairs. 
Verbatim responses were recorded on each 
trial. Those Ss who failed to anticipate 
correctly one or more items during the 24 
trials were given an additional presentation 
and asked to read the words aloud. This was 
done to determine whether the S's failure to 
reach criterion was due to an inability to 
read the words. This procedure was necessary 
in the case of 3 Ss, all girls, each of whom 
read the words satisfactorily. 


RESULTS 


Correct anticipations.—A four- 
factor mixed-design analysis of vari- 
ance was performed using number of 
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TABLE 2 


ANALYSIS OF VARIANCE OF 
CORRECT ANTICIPATIONS 


Source df MS F 
Between Ss 47 
Sex (S) 1| 112.01 2.63 
Conditions (C) 2| 226.90 5.32** 
SG 2| 21.00| «1.00 
Error (b) 42| 42.66 
Within Ss 528 
Associative 
strength (A) 1 [3364.00 | 280.10*** 
Trials (T) 5 [1008.54 | 271.11*** 
AXT 5 | 180.00} 56.25*** 
SXA 1 24.17 2.01 
ST 5 3.95 1.06 
CXA 2| 156.82| 13.06*** 
CXT 10 6.68 1.80 
SXCXA 2 11.20} «1.00 
SC y 10 5.97 1.60 
SXAXT 5 7.69 2.40* 
CXAXT 10 5.42 1.69 
SXCXAXT] 10 2.99| «1.00 
Error 1 (w) 42 12.01 
Error 2 (w) 210 3.72 
Error 3 (w) 210 3.20 
Total 575 


STRONG PAIRS 


MEAN PER CENT CORRECT ANTICIPATIONS 


1 1 П П П 1 
! 2 3 $ 5 6 


TRIALS IN BLOCKS OF FOUR 


Fig. 2. Mean percent correct anticipations 
plotted separately across trials for the strong 
and weak pairs of Cond. I, II, and III. 
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correct anticipations as scores. Sex 
and Conditions were analyzed as ''be- 
tween" factors; Associative Strength 
of S-R pair and Trials in blocks of 
four were analyzed as "within" fac- 
tors. А summary of this analysis is 
presented in Table 2. 

Mean percent correct anticipations 
were computed separately for each 


TABLE 3 
ANALYSIS OF VARIANCE OF ERRORS 
Source df MS F 
Between Ss 4T 
Conditions (C) 2| 56.26 5.14** 
Error (b) 45| 10.95 
Within Ss 2256 
Associative 
strength (A) 1|827.76 | 262.78*** 
Trials (Т) 5 | 254.25 | 267.63*** 
Type of error 
(E) 3 | 223.92] 30.34*** 
AXT 5| 45.38| 56.02*** 
AXE 3| 70.52] 16.91*** 
TXE 15 | 23.22 9.84*** 
AX TCE 15 4.69 6.90*** 
CXA 2| 3880| 12.32*** 
СХТ 10 1.74 1.83 
СХЕ 6| 43.40 5.88*** 
CXAXT 10 1.34 1.65 
CXAXE 6| 30.12 7,22 9* 
CXTXE 30 3.64 1.54* 
CXAXTXE| 30 2.78 4.09*** 
Error 1 (w) 45 3.15 
Error 2 (w) 225 0.95 
Error 3 (w) 135 7.38 
Error 4 (w) 225 0.81 
Error 5 (w) 135 4.17 
Error 6 (w) 675 2.36 
Error 7 (w) 675| 0.68 
Total 2303 
*p«.05 
** p < .01 
> < .001 


type of S-R pair within each condi- 
tion. This information plotted across 
blocks of trials is presented in Fig. 2. 

Orthogonal comparisons, each based 
on 1 and 570 df's, revealed that per- 
formance on the weak pairs in Cond. 
II and III was significantly better 
than in Cond. I (F — 27.15). Also, 
performance on the weak pairs in 
Cond. II was better than in Cond. III 
(F = 15.45). Performance on the 


INTRALIST ASSOCIATIONS IN PA LEARNING 


20 


MEAN PER CENT ERRORS 


[*] S-S S-R 
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Д7 WEAK PAIRS 


(6) 5-5 S-R R 


TYPE OF ERROR 


Fic. 3, Mean percent err 
random errors (R) plotte 


Strong pairs did not differ significantly 
among the three conditions (F < 1.00). 

Error scores.—A second analysis of 
Variance was performed on error 
Scores in which four types of errors 
Were analyzed. ‘These were: (a) 
errors of omission, in which the 
Stimulus item elicited no overt re- 
Sponse during the anticipation inter- 
Val, (b) stimulus errors, 1n which one 
Stimulus item elicited the other stimu- 
Us item in its set, (c) response errors, 
in which a stimulus item elicited the 
response item of the other pair in its 
Set, and (d) random errors, 1n which 
the stimulus item elicited either a 
Word of another set or some nontask 
Word. A summary of this analysis is 
Presented in Table 3. 

Orthogonal comparisons, each based 
On 1 and 2160 df's, were performed 
across blocks of four trials among the 


ors of omission (О), stimulus errors (5-5), response errors (S-R), and 
d separately for the strong and weak pairs of Cond. I, IT, and HI. 


strong and weak pairs for the three 
conditions. With respect to the 
strong pairs, significantly more stimu- 
lus errors occurred in Cond. I and II 
than in III at the first block of trials 
(F = 5.61). With respect to the weak 
pairs, more stimulus errors occurred 
in Cond. I and II than in III at the 
first block of trials (F — 5.93). More 
response errors occurred in Cond. I 
and III than in ll at every block 
of trials except the last: Block 1 
(F = 19.23), Block 2 (F = 42.81), 
Block 3 (F = 16.87), Block 4 
(F = 23.07), and Block 5 (F = 8.14). 
Further, more response errors oc- 
curred in Cond. І than in III at every 
block of trials: Block 1 (F — 54.08), 
Block 2 (F = 20.99), Block 3 
(F = 17.80), Block 4 (F = 19.90), 
Block 5 (F = 15.83), and Block 6 
(F = 4.71). More random errors oc- 
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curred in Cond. П and 111 than in I 
at the first block of trials (F — 42.81). 

In order to facilitate comparisons 
between Cond. 1, 11, and III, mean 
percent errors for each type of error 
were computed separately for the 
strong and weak word pairs of each 
condition. This information is pre- 
sented in Fig. 3. 


Discussion 


The effect of increasing the number of 
competitive connections proved to be an 
interesting one. On the weak pairs, 
poorer performance was found to occur 
in Cond. I, which had two direct com- 
petitive connections, than in Cond. II 
and III, each having one such connec- 
tion. Also, more response errors oc- 
curred in Cond. I, having two com- 
petitive connections, than in Cond. III, 
which had only an inter-word-pair S-R 
connection. The prediction that more 
generalized response errors would occur 
in learning the strong pairs in Cond. I 
and II than in III, though shown in Fig. 
3 to be in the right direction, was not 
supported statistically. The failure, in 
general, to obtain differences among the 
strong S-R pairs may have been due to a 
partial masking of the effects of com- 
petition by the initially high associative 
strengths of these pairs. Ап inspection 
of Fig. 2 reveals that the initial perform- 
ance level for the strong pairs was quite 
high. 

A comparison of the two types of 
competitive connection, interstimulus 
item and inter-word-pair S-R, indicates 
that the inter-word-pair S-R connection 
proved to be a more effective source of 
interference than the interstimulus item 
connection. However, significantly more 
stimulus errors occurred on both the 
strong and weak word pairs in those 
conditions (I and II) having an inter- 
stimulus item connection than in the 
condition (III) not having such a con- 
nection. Also, more response errors 
occurred on the weak pairs in the 
conditions (I and III) having an inter- 
word-pair S-R connection than in the con- 
dition (IT) not having such a connection. 
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Thus, the interstimulus item con- 
nection and the inter-word-pair S-R 
connection were both seen to be adequate 
sources of interference. They not only 
produced different numbers and kinds of 
errors but also seemed to have a greater 
effect in combination than individually. 
The presence of both types of interfer- 
ence in the same task would seem, 
therefore, to make a precise interpreta- 
tion of the data rather difficult. Ac- 
cordingly, an implication of these find- 
ings seems to be that the two new models 
(II and III) might prove less complicated 
psychologically than the original method 
for the purpose of assessing hypotheses 
concerning the interaction of habit and 
drive. 

No attempt was made to assess 
the effects of varying the associative 
strengths of competitive connections, of 
including more than two competitive 
connections per set in the task, or of 
employing more than two S-R pairs per 
set. Logically, it would seem possible to 
construct from zero to four competitive 
connections between two given S.R 
pairs. These connections might be of the 
interstimulus item, inter-word-pair S-R, 
or interresponse item variety. Thus 
number and type of competitive connec- 
tions as well as the strength of initial 
associations mediating both correct and 
incorrect response tendencies appear to 
be potentially important determinants of 
competition in this type of learning task. 
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TEMPORAL PROPERTIES OF REINFORCEMENT 


AFTEREFFECTS 
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Pattern running performance as a function of intertrial interval was 
investigated in 3 separate experiments which employed rats trained in 


a straight alley under alternating partial reinforcement. In the initial 
experiment speed of running on the nonreinforced trials late in training 
was equivalent for the 15-sec. and 20-min. intertrial interval groups, as 
it was for the 2-min. and 10-min. groups; however, the former groups ran 
more slowly on these trials than did the latter ones. Substantially simi- 
lar results were obtained in the subsequent experiments. On the basis 
of these results the tenability of the Hull-Sheffield temporal assump- 
tions was questioned and new temporal assumptions were advanced. 


'The assumptions of Hull (1952) and 
of Sheffield (1949) that aftereffects 
dissipate or decay as a function of 
time and that such stimuli do not 
become a portion of the total stimulus 
Complex on an immediately subse- 
quent trial if considerable trial spacing 
15 employed appear to have found 
Seneral acceptance among learning 
theorists (Lewis, 1960). However, 
there seem to be at least two reasons 
for subjecting these temporal as- 
sumptions to empirical test. Тһе 
Occurrence of increased resistance to 
extinction following partial reinforce- 
ment under widely spaced trials (e.g., 
Weinstock, 1954) does not necessarily 
infirm Hull's hypothesis; rather, these 
data could be interpreted to mean that 
aftereffects remain functional for a 
considerable period. Further, with 
the exception of the results from the 
Sheffield (1949) investigation, which 
have failed of confirmation on several 
Occasions, the Hull-Sheffield temporal 
assumptions are not based on data 
available from the instrumental situa- 
tion, where they are most often 
applied, but come to us from classical 
Conditioning (Hull, 1952). 

The attempt was made here to 
determine the temporal character- 
istics of aftereffects by employing 


alternating partial reinforcement un- 
der several conditions of trial spacing. 
A variety of massed trial studies (e.g., 
Capaldi, 1958; Tyler, Wortz, & Bit- 
terman, 1953) have shown that under 
an alternating partial pattern rats 
eventually run relatively slowly on 
the nonreinforced trials, relatively 
rapidly on the reinforced ones. We 
assume that such pattern running 
reflects the control of the instrumental 
response by aftereffects. Низ hy- 
pothesis holds that conditioning will 
not occur in the absence of reinforce- 
ment; accordingly, under an alter- 
mating pattern the aftereffect of 
nonreinforcement but not the after- 
effect of reinforcement will acquire 
with training a considerable capacity 
to evoke the instrumental response. 
But these aftereffects are imbedded 
in a total stimulus complex which 
includes stimuli arising from the alley, 
the experimental room, etc. Thus, 
the instrumental response would tend 
to be strongly evoked by the stimulus 
complex which includes the aftereffect 
of nonreinforcement and less strongly 
evoked by the stimulus complex which 
includes the aftereffect of reinforce- 
ment. Presumably, it is because of 
the similarity between these stimulus 
complexes that pattern running re- 
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quires a considerable number of trials 
for its appearance and that following 
quite extensive training the rat will 
nevertheless slowly traverse the run- 
way on nonreinforced trials rather 
than stop running entirely (Bloom & 
Capaldi, 1961). 

It should be clear, on the basis of 
the above analysis, that the develop- 
ment of pattern running under an 
alternating schedule at a given inter- 
trial interval implies that the after- 
effect is functional, and a failure of 

© pattern running to develop, i.e., a 
tendency for running to be as rapid on 
nonreinforced as on reinforced trials, 
would suggest that the aftereffect is 
nonfunctional. 


EXPERIMENT I 
Method 


Subjects.—The Ss were 24 male and 24 
female naive Sprague-Dawley strain rats 
about 90 days old at the beginning of the 
experiment from the colony maintained by 
the Department of Psychology, the University 
of Texas. Six males and 6 females were ran- 
domly assigned to each of four groups. Due 
to sickness or death, 5 Ss were discarded 
during the experiment, 1 from the 15-sec. 
intertrial interval group and 2 each from the 
2-min. and 10-min. groups. The data for 
these Ss were discarded. 

Apparatus.—The apparatus was a straight- 
alley runway which was a total of 72 in. 
long, 5 in. wide, enclosed by sides 8 in. high, 
constructed entirely of wood and painted a 
mid-gray throughout. An unpainted, sheet 
metal start-box door was located 12 in. from 
the proximal end of the alley and was so 
constructed that upon being raised 2 in. a 
Standard Electric timer, which measured in 
.01 sec. was automatically started. The 
clock was stopped when .S interrupted a 
photocell beam located 48 in. from the start- 
box door. One inch beyond the photocell 
beam was located another sheet metal door 
which could be lowered so as to restrict S 
to the goal region. The end of the runway 
terminated in a 5 in. wide X 3 in. long 
“elbow” bend in which food could be placed. 
Two identical-appearing food compartments; 
ie, elbow bends, were employed, опе for 
reinforced trials, the other for nonreinforced 
trials. The elbow arrangement prevented S 
from determining whether the food compart- 
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ment was baited until it had passed beyond 
the photocell beam and the goal-box door. 
The food compartments, mounted on runners, 
could be shifted into position noiselessly. 
The entire goal region was covered by hinged 
hardware cloth. 

Procedure.—On each of the initial 10 days 
Ss were deprived of food for 23 hr., handled 
in groups of 12 for approximately 1 hr., and 
returned to the home cage—each S being 
individually housed—where they were al- 
lowed to eat a wet mash for approximately 
1 hr. On Days 11 and 12 each 5 was allowed 
individually to explore the runway for 5 min., 
no food being available and both doors being 
open. 

Each S was given eight trials per day for 
23 days, all trials being separated by the 
appropriate intertrial interval. Each $ was 
taken from the home cage and deposited in 
the start box. Approximately 3 sec. later the 
start-box door was raised. When S entered 
the goal region E lowered the goal-box door. 
The S was confined to the goal region for 20 
sec. following each run. The S was then 
taken to the home cage, which served as the 
place of confinement during the intertrial 
interval, to await further trials. On each 
day all even-numbered trials were reinforced 
with a wet mash, all odd-numbered trials, 
nonreinforced. 

Four intertrial intervals were employed: 
15 sec., 2 min., 10 min., and 20 min. Because 
of scheduling difficulties, the running period 
proper was divided into five segments. In 
the initial segment one-half the Ss from the 
15-sec. group were run, then in the second 
segment all Ss of the 10-min. group were run. 
In the third segment all Ss of the 2-min. 
group were run followed in the fourth 
segment by the remainder of the Ss in the 
15-sec. group. Finally, all Ss in the 20-min. 
group were run. All trials were administered 
by a single E from 10 A.M. to 10 р.м. each day. 
A 2-hr. "break" occurred between the ad- 
ministration of trials to the 10-min. and the 
2-min. groups. All Ss were fed 1 hr. per day, 
Ss in the 20-min. group being fed 10 min. 
following the last trial of the day. The Ss 
in the 15-sec. group were fed for 1 hr. ap- 
proximately 23 hr. following the final trial 
of the day, and a similar procedure was 
followed for the remaining groups. Thus, 
at the beginning of the daily trials all Ss had 
been deprived of food for approximately 
203 hr. Throughout all phases of the experi- 
ment S was allowed a maximum of 60 sec. 
to traverse the runway. If S did not traverse 
the runway within the arbitrary time limit, 
it was encouraged to do so by gentle pushing, 
etc. The intertrial intervals given above are 


TEMPORAL PROPERTIES OF REINFORCEMENT 


lower values. For example, a 20-min. S 
was never run following an interval of less 
than 20 min. and on occasion the interval 
might be as great as 21 min. For a 15-sec. 
S, as much as 18 sec. might elapse between 
some trials, and so on. 


Results 


In Fig. 1 is plotted for each of the 
groups on each day of acquisition the 
mean of the log times on reinforced 
and on nonreinforced trials. On the 
initial days and for some days there- 
after, with exceptions that can be 
noted by examining the figure, each 
group ran more rapidly on its non- 
reinforced trials; i.e., following rein- 
forced trials, than on its reinforced 
trial. The differences were signifi- 
cant on Day 1 for the 2-min., F(1, 9) 
710.87, p < .01; the 10-min., Е(1, 9) 
= 5.58, p <.05; and the 20-min., 
F(1,11) = 7.70, p < .05 groups; how- 
ever, not until Day 3 was the differ- 
ence significant in the case of the 
5-sec. group, F(1, 10) = 10.58, 
b < 01. Late in training each group 
Тап more slowly on its nonreinforced 
trials; The initial day on which 
running was significantly slower on 
the nonreinforced as opposed to the 
reinforced trials for the 15-sec. group 
Was Day 18 (F = 11.16, p < -01), for 
the 2-min. group Day 18 (F = 10.85, 
b*< .01), for the 10-min. group Day 
17 (F = 11.20, p < .01), and for the 
20-min. group Day 17 (F = 6.59, 
Ъ <.05). For each group all sub- 
Sequent daily differences between 
reinforced and nonreinforced trials 
Were also significant. On the basis of 
these results it is apparent that after- 
effects remain functional for at least 
20 min. In addition, all groups 
exhibited pattern running following 
about the same number of training 
trials. Thus, it would appear on the 
basis of the Trials measure that after- 
effects do not undergo diminution 
Within a 20-min. period. | 

Statistical tests involving compari- 
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Fic. 1. Mean of log running times on 
reinforced and on nonreinforced trials on each 
of the acquisition days for each of the groups. 


sons between the several groups were 
also made and are reported below. 
'The effect of intertrial interval on 
performance in the early trials is, of 
course, of less interest to this investi- 
gation than is performance on the 
later trials. Nevertheless, early trial 
data were analyzed statistically. An 
analysis of variance on the mean of the 
log times on Days 1 through 5 in- 
dicated that significant differences 
occurred between the groups on rein- 
forced, F(3, 39) = 3.05, p < .05, but 
not on nonreinforced trials (F — 1.40). 
It would appear that in the early trials 
the effect of longer intertrial intervals 
in producing faster running is greater 
following nonreinforced than following 
reinforced trials. Differences between 
the groups on nonreinforced trials 
were significant on the Day 6 through 
13 block of trials (F = 3.97, p < .05) 
and on the Day 14 through 18 block 
of trials (F = 3.83, p « .05). These 
differences are not meaningful from 
the viewpoint of an aftereffects anal- 
ysis, however, since in none of the 
groups had pattern running developed 
to any appreciable extent. In addi- 
tion, differences on the reinforced 
trials were significant (for Days 6 
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through 13, F = 6.02, p < .01; Days 
14 through 18, F = 3.53, p « .05); 
thus, the nonreinforced trial differ- 
ences through Day 18 probably reflect 
slower running per se to as great or 
perhaps to a greater extent than they 
reflect the influence of the aftereffect. 

Differences on the Day 19 through 
23 block of trials were not significant 
on reinforced trials (F <1) while 
differences on the nonreinforced trials 
were significant (F = 3.44, р « .05). 
Since pattern running had developed 
in this block of trials and differences 
on reinforced trials were not signifi- 
cant, the nonreinforced trial differ- 
ences can be taken to reflect the 
influence of the aftereffect. An ex- 
tension of Duncan's multiple range 
test to group means with unequal 
numbers of replications (Kramer, 
1956) was employed using these 
nonreinforced trial data. The differ- 
ence between the 15-sec. and the 
20-min. groups was not significant nor 
was the difference between the 2-min. 
and the 10-min. groups. The 15-sec. 
group, as did the 20-min. group, 
differed at slightly beyond the .05 
level from the 2-min. and from the 
10-min. group. 


EXPERIMENTS Il AND III 


The differences on nonreinforced 
trials late in training could have been 
due to (a) sampling; (b) an extraneous 
or uncontrolled variable which re- 
sulted in atypically slow running on 
the nonreinforced trials late in training 
under the 20-min. condition, e.g., the 
20-min. group was run each day 
during the final hours of the experi- 
ment; (c) an uncontrolled variable 
which contributed to faster running 
on nonreinforced trials under the 
2-min. and 10-min. conditions; (d) 
some variable exclusively associated 
with the 2-min. and 10-min. intervals 
but not the 15-sec. and 20-min inter- 
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vals, e.g., greater excitement or agita- 
tion. This latter alternative suggests 
that a repetition of Exp. I, even under 
the most ideal experimental condi- 
tions, would produce substantially 
similar results. Actually, casual ob- 
servation indicated that the 2-min. 
and 10-min. Ss were more agitated 
(greater incidence of biting, strug- 
gling, defecation, etc.) than the 15-sec. 
and 20-min. Ss. 

Experiment | was replicated in 
part; in Exp. П a 15-sec. and a 2-min. 
group were trained and in Exp. Ill a 
15-sec. and a 20-min. group were 
trained. The experimental procedures 
employed were identical to those 
previously employed except for the 
changes noted below. Some changes 
represent an improvement in experi- 
mental technique made possible by 
the less demanding physical require- 
ments of the present experiments, e.g., 
the daily running order of the groups 
was better balanced. Other changes 
were introduced in an attempt to 
facilitate the appearance of slow 
running on the nonreinforced trials, 
e.g., opening of the start door seemed 
to function as a potent stimulus for 
leaving the start area; thus the door 
was removed. 


Method . 


Subjecis.—' The Ss were, in Exp. Il, 21 
female and, in Exp. 111, 20 male colony rats 
about 90 days old at the start of the ex- 
periment. 

Apparatus.— he same apparatus was 
employed except for the following modifica- 
tions. The start door was removed. The 
clock was now started by placing S on a 
5 X8 in. platform or floor treadle suspended 
over a microswitch. The beginning of the 
floor treadle was located 2 in. from the 
extreme proximal portion of the alley. The 
photocell was moved 8 in. further from the 
alley's origin. An additional change occurred 
in Exp. III; the alley was covered throughout 
its length by a hinged, plastic top. 

Procedure.— There were 12 trials per day 
for 18 days in Exp. II and 10 trials per day 
for 14 days in Exp. ПІ. As before, the initial 
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daily trial was reinforced, etc. The initial 
15 days comprise the acquisition phase of 
Exp. 11, the remaining 3 days the shift phase. 
The group which had been trained under the 
15-sec. intertrial interval was trained on 
Days 16, 17, and 18 under the 2-min. interval, 
While the 2-min. group was shifted to the 
15-sec. interval on these days. In Exp. IIT, 
the 15-sec. group was shifted to the 20-min. 
intertrial interval and the 20-min. group to 
the 15-sec. intertrial interval on Days 13 and 
14. There were 10 Ss in each of the groups 
except the 2-min. group of Exp. II which 
contained 11 Ss. However, an S in the 2-min. 
group died on Day 12 of training. The data 
for that 5 were discarded. The daily running 
order in Exp. П was as follows: a 15-sec. S 
was run followed by 3 2-min. Ss, then 5 
13-sec. Ss, then 6 2-min. Ss, 4 15-sec. Ss, and, 
finally, 2 2-min. Ss. In E 


. 111, Ss were run 
аз follows: each S in 


ihe 20-min. group 
received the initial trial in turn and then a 
13-sec. 5 was given its 10 runway trials. Then 
the second trial was administered to each 
of the 20-min. Ss, followed again by a 15-sec. 
S receiving all its daily trials, and so on. 


Results 


The results of Exp. П are presented 
in Fig, 2. Differences between the 
groups on reinforced and on non- 
reinforced trials were not significant 
Over the initial 5 days of training. 
On Days 6 through 10 reinforced trial 
differences approached significance, 
F(1, 18) = 3.00, p «.10, but non- 
reinforced trial differences did not 
(F — 1.95). Again, it appears that in 


the earlier stages of training intertrial 
—— 15 SEC. 
1.40 = ae 
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Fic. 2. Mean of log running times on 
reinforced and on nonreinforced trials on each 
9f the acquisition days for each group. 
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reinforced and on nonreinforced trials 
each of the acquisition days for each grou 


interval exerts a greater effect foll 
ing nonreinforced than following r 
forced trials. 

The initial day on which sigi 
cantly slower running on the n 
reinforced as opposed to the reinfor 
trials occurred was, for the 15- 
group, Day 11, F(1,9) = 9.71, p <. 
and, for the 2-min. group, Day 
F(1,9) = 10.47, p. < .05. Differen 
on each subsequent acquisition « 
were significant in the case of 
15-sec. group. However, for 
2-min. group differences on Days 
12, and 14 were not significant, 
dicating unstable pattern running. 

Differences between the gro 
on the reinforced trials of D 
11 through 15 were not signific 
(F < 1). However, differences оп 
nonreinforced trials were highly - 
nificant (F = 23.67, p < .001). 

On Day 16, the shift day, runn 
continued to be slower on nonr 
forced as opposed to reinforced tr 
for each group. For the 15-sec. gr 
the difference was not significant 
any of the shift days. However, 
2-min. group appeared to fare q 
well on the shorter interval, 
difference on Day 16 being signific 
beyond the .10 level, F(1, 9) =. 
and the difference on Day 17 and 
Day 18 being significant beyond 
.05 level (F = 9.13 and 9.28, 
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spectively). It appears from the 
figure that both groups performed 
about equally well on the initial shift 
day, but, as the statistical analyses 
reported above indicate, they did not. 
On the initial shift day only 1 S іп the 
2-min. group ran more slowly on its 
reinforced as opposed to its nonrein- 
forced trials, while in the 15-sec. 
group 2 Ss ran more slowly on the 
reinforced trials, а third S running 
equally rapidly on both types of trials. 
The results of Exp. III are presented 
in Fig. 3. Differences between the 
groups on reinforced, F(1,18) — 20.01, 
p «.001 and on nonreinforced (F 
= 11.61, < .001) trials over the 
initial 4 days of training were signifi- 
cant. On Days 5 through 9 differences 
between the reinforced trials were 
significant (F = 19.22, p < .001) 
while differences on the nonreinforced 
trials were not (F <1). It can be 
seen that pattern running developed 
relatively quickly, especially in the 
20-min. group. The earliest day on 
which significantly slower running 
occurred on the nonreinforced as 
opposed to the reinforced trials was, 
for the 15-sec. group, Day 10, F(1, 9) 
= 5.66, p < .05; and, for the 20-min. 
group, Day 7, F(1, 9) = 6.32, p < .05. 
For both groups, all subsequent daily 
differences were significant. Analysis 
of the running times of Days 10 
through 12 indicated that differences 
between the groups on reinforced trials 
were significant, F(1, 18) = 17.89, 
P < .001 while differences on the non- 
reinforced trials were not significant 
(F <1). Since on these days the 
20-min. group ran more rapidly than 
the 15-sec. group on the reinforced 
trials and equally slowly on the non- 
reinforced ones, the notion of a non- 
functional or diminished aftereffect 
hardly received support. In general, 
the results of Exp. II and III are in 
agreement with the results given by 
the corresponding groups in Exp. 1, 
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It will be noted in Fig. 3 that for 
both groups pattern running was 
completely disrupted by the change 
in intertrial interval. Apparently, 
pattern running will not—at least 
initially—survive a relatively large 
shift in intertrial interval regardless of 
the direction of shift, i.e., from longer 
to shorter, or vice versa. Interest- 
ingly, the former 15-sec. group ran 
faster than the former 20-min. group 
on each of the shift days. Analysis of 
the log means of the shift days 
indicated that the differences between 
the groups were significant on rein- 
forced— F(1,18) = 14.86, p <.01—and 
on nonreinforced (F = 8.80, p < .01) 
trials. 


DISCUSSION 


It appears from these results that 
aftereffects remain functional for at 
least 20 min. The conclusion is un- 
ambiguously supported by the occur- 
rence of pattern running in a 20-min. 
group in Exp. I and III. In addition, it 
appears that aftereffects fail to undergo 
diminution within 20 min., notwith- 
standing the performance of the 2-min. 
and 10-min. groups. The clearest and 
most obvious source of support for this 
conclusion is that in two separate experi- 
ments a 20-min. group ran as slowly on 
the nonreinforced trials late in training 
as a 15-sec. group. Accordingly, it is 
suggested that some variable (e.g., 
emotional excitement) contributed to 
relatively rapid running on nonreinforced 
trials at the 2-min. and 10-min. intervals. 
The shift data of Exp. II support this 
conclusion. The disruption shown by the 
shifted 15-sec. group cannot be exclu- 
sively explained in terms of generaliza- 
tion decrement occasioned by the intro- 
duction of a stimulus trace of a different 
temporal age because the shifted 2-min. 
group experienced a stimulus change of 
similar magnitude in the opposite tem- 
poral direction yet exhibited stable 
pattern running. Nor does an explana- 
tion of the performance of the shifted 
2-min. group in terms of the opportunity 
for learning or conditioning to take place 
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at the 15-sec. interval seem adequate. 
This, because recovery from disruption 
and the appearance of stable pattern 
running occurred following relatively few 
training trials at the new interval, 
However, the shift data in their totality 
аге consistent with the view that both the 
15-sec. and 2-min. groups had learned 
equally well but there operates at the 
2-min. interval (and by implication the 
10-min. interval) some variable which 
Produces faster running on the non- 
reinforced trials. 

The present results appear to support 
à conception of the temporal properties 
of aftereffects unlike that offered by Hull 
Or Sheffield. First, it seems reasonable 
to abandon the dissipation assumption, 
assuming instead that aftereffects persist 
Or, to use more neutral terminology, 
remain functional until such time as a 
new internal stimulus is substituted for 
the original one. It seems apparent that 
Pattern running in the 20-min. group 
cannot be easily reconciled with the view 
that dissipation occurs as a mere function 
of time. On the other hand, available 
evidence indicates that aftereffects are 
subject to interference (Capaldi, Hart, & 
Stanley, 1963). Capaldi et al. have 
Presented evidence which indicates that 
Placing 5 in the baited goal box for a 
relatively brief period during the inter- 
trial interval substitutes the aftereffect 
of reinforcement for that of nonreinforce- 
ment. The intertrial interval was 30 
Sec. Thus, their study indicates that 
under appropriate circumstances an 
aftereffect which would otherwise have 
remained functional for at least 20 min. 
can be interfered with in as brief a period 
as 30 sec. Capaldi et al. hypothesized 
that the extent of interference 1s probably 
related to the stimulus simularity which 
Obtains between the original reinforce- 
ment situation which occasions the after- 
effect on the one hand and the interfering 
situation on the other. If this assump- 
tion is valid, then results such as those 
Supplied by Weinstock (1954) can be 
interpreted in terms of aftereffects. 
That is, it might be otherwise thought 
that when trials are separated by 24 hr., 
the receipt of the maintenance diet, 
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occurring as it does following the daily 
runway trial, would serve to interfere 
with the aftereffects of nonreinforcement. 
However, it is apparent that since the 
maintenance diet is administered in the 
presence of stimuli, i.e., the home cage, 
quite unlike those provided by the goal 
box in which reinforcement and non- 
reinforcement occur, very little actual 
basis exists for interference. Conse- 
quently, an aftereffects hypothesis modi- 
fied by the temporal assumptions pre- 
sented here would expect increased 
resistance following partial training when 
trials are spaced at long intervals and the 
maintenance diet is administered in the 
presence of stimuli unlike those present 
on nonreinforced trials. 
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35 pigeons were trained to peck at 
Ss were then assigned toa groupan 
stimuli: 550, 540, 530, 520, 510, 
days. Gradients of generaliza 
total number of responses duri 
comparable gradient from Gut 
sampled over the entire range 
gradients showed marked differe: 


ng 
tm: 


extinction gradients were obtained for th 


permitting Ss to sample over the 
10-ти. steps (including 490 my.) 


pared with gradients generated from a 


generalized inhibition. Cert: 
between the predicted and obtaine: 
other studies of generalization of i 


The present study consists of two 
parts: the first provides additional 
information concerning the relation- 
ship between generalization and dis- 
crimination from a comparison of 
primary stimulus generalization gra- 
dients derived from testing to single 
and multiple points on the spectral 
wave-length continuum. The second 
explores the postextinction gradient 
and the problem of generalization of 
inhibition. A number of studies 
(Grant & Schiller, 1953; Grice & 
Saltz, 1950; Kling, 1952; Margolius, 
1955) have demonstrated that gra- 
dients of generalization can be recov- 
ered by relating number of responses 
during extinction to stimulus position 
on the continuum, and that, therefore, 
the presence of a gradient is not alto- 
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of stimuli 


a monochromatic stimulus of 550 ти. 


d extinguished to one of the following 


, and 490 тид. on each of 2 successive 
tion (single stimulus) from the mean 


extinction, were contrasted with a 
an and Kalish (1956) in which Ss 
(multiple stimulus). The 
h were discussed. Post- 
e 2nd part of the study by 
range of stimuli from 510 to 550 in 
- The obtained gradients were com- 
“mirror-image” hypothesis of 


nces whic 


ain marked discrepancies were observed 


d gradients which w 
nhibition. 


ere supported by 


gether contingent on Ss sampling 
along the continuum. 

While it is important to demon- 
strate that gradients of generalization 
can be obtained from the single stimu- 
lus situation in order to substantiate 
the argument that the generalization 
decrement is fundamental, rather than 
epiphenomenal, it is equally important 
to examine the differences in gradients 
which derive from different general- 
ization testing procedures to deter- 
mine whether these differences are, 
in turn, related to other factors such as 
discrimination. А comparison of gen- 
eralization testing procedures might 
yield information concerning the rela- 
tive proportion of responding at- 
tributable to discrimination апа 
generalization. 

Part I of the present study examines 
these differences by comparing gra- 
dients obtained from comparable .Ss 


176 


GENERALIZATION FROM STIMULUS POINTS 17 


under single and multiple testing 
conditions. 

, Part П, a derivative of the method 
involved in Part I, makes it possible 
to observe the effects of extinction to a 
Single stimulus on the subsequent 
Postextinction gradient and to draw 
Some inferences regarding generaliza- 
Чоп of inhibition. 


METHOD 


An automatic key pecking 
to that described by Gutt- 
man and Kalish (1956) was used. The light 
Source for illumination of S's key was а 
Cambridge Thermionic Corporation mono- 
Chromator which has been fully described 
elsewhere (Guttman & Kalish, 1956). No 
attempt was made to equate for apparent 
rightness along the spectral wave-length 
Continuum since other studies (Guttman & 
Kalish, 1956; Honig, Thomas, & Guttman, 
12 have demonstrated that luminosity 
differences exert а negligible influence on the 
ormation of spectral generalization gradients. 

Oreover, a gradient was generated for only 
Опе specific wave length and no attempt was 
Made to compare gradients obtained from 
other regions on the spectrum. 

Subjects and procedure.—Training—35 ех- 
Perimentally naive, white, Carneau pigeons 
Were reduced to 80% of their ad libitum 
Weight and trained by the method of succes- 
Sive approximations to peck at a plastic 
disc illuminated by monochromatic light of 

ти, When Ss responded to the key and 

ОЧ magazine they were given 50 continuous 
"Sec. reinforced trials and placed on a VI 
Schedule (1-min. mean interreinforcement in- 
terval) during which 60-sec. stimulus-on 
tervals were alternated with 10-sec. stimu- 
us-off intervals in order to facilitate changing 

Stimuli during generalization testing. 
During stimulus-on periods the key was 
p Uminated by 550 ти. and the box by a 
“S-w. bulb set beneath a sheet of translucent 
Plastic which comprised the floor of the 
®Pparatus. In the stimulus-off periods both 
the bulb and stimulus source were off. When 
а criterion of approximately 1500 responses 
E 30-min, period was reached, Ss were 
assigned to one of five extinction groups. У 
t "he criterion employed for а signing Ss 
9 ап extinction group was based on the 
number of days of training prior to the 
attainment of 1500 responses per 30-min. 
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period. This method of assignment was 
ultimately used because the simple criterion 
of response rate did not adequately equate 
Ss when the extinction data were examined. 
Instead, number of responses during extinc- 
tion appeared to be a complex curvilinear 
function of number of days of training prior 
to reaching the criterion. An attempt was 
made, therefore, to equate .5s on number of 
days of training. With the exception of 530 
all of the groups appear to be within reason- 
able range and there is no relationship be- 
tween the means and SDs or between either 
measure and the order of the extinction 
group. 

Extinction.—Extinction followed the day 
after the training criterion was reached and 
each S in a given extinction group was ad- 
ministered 132, 30-sec. nonreinforced trials 
to one of the following stimuli: 550, 540, 530, 
520, 510, and 490 my. on each of 2 successive 
days. Two days of extinction were introduced 
to minimize the effects of spontaneous re- 
cove! during the generalization testing. 
Thirty-second stimulus-on periods were alter- 
nated with 10-sec. blackouts and number of 
responses recorded during the stimulus-on 
periods. 


Part II 


Generalization testing.—Generalization tests 
were administered the day following the 
second extinction series. Six different stimuli 
(550, 540, 530, 520, 510, and 490 my.) were 
randomized within a series and 12 different 
random series were presented to each S 
resulting in a schedule of 72 stimulus pres- 
entations. Each  nonreinforced stimulus 
presentation was 30 sec. followed by a 10-sec. 
stimulus-off interval during which the wave- 
length value was changed. An additional 
group of 4 Ss extinguished on 540 was tested 
on 560, 550, 540, 530, 520, and 510 my. in 
order to compare the decrement at 540 with 
that at 560 туи. 


RESULTS 


Single and Multiple Generalization 


Gradients 


The analysis most directly relevant 
to the first part of the present study 
is the comparison of generalization 
gradients shown in Fig. 1. The 
gradient represented by a solid line 
was obtained from a previous study 
by Guttman and Kalish (1956) in 
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Fic. 1. Single and multiple 
stimulus gradients. 


which Ss were trained to 550 mu. and 
tested over the range of values from 
490 to 610 my. in 10-my. steps with 
the exception of the 490—510 and 590- 
610 differences. This gradient has 
been labeled "Multiple Stimuli” be- 
cause the same S is represented at 
each stimulus value, having sampled 
the entire range of stimuli during 
generalization testing. By contrast, 
the gradient labeled ‘Single Stimulus 
Trials 1-12" was derived from the 
present study in which Ss were ex- 
posed to only one stimulus on the 
continuum during extinction. The 
values for this gradient represent 
mean total number of responses for 
Extinction Trials 1-12. 

Since the values for the multiple 
stimulus gradient (Guttman & Kalish, 
1956) represent mean number of 
responses per 6-min. period, the mean 
of the 12 extinction trials for the 
extinction groups shown in Fig. 1 was 
further divided by 11 to yield a 
comparable response rate. These 
values are plotted as the single stimu- 
lus gradient in Fig. 1. When the two 
gradients are compared certain strik- 
ing differences become apparent. The 
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multiple stimuli gradient is markedly 
concave and the difference in responses 
between 550 and the remaining stimuli 
are quite large. The single stimulus 
gradient, on the other hand, is pre- 
dominantly linear since the only 
significant F in an analysis of ortho- 
gonal polynomials was for the linear 
component, 2(1, 29) = 20.42, p < .01. 
The same analysis for the multiple 
stimulus gradient revealed both a 
significant linear and quadratic trend, 
FG; 25) = 11133; Фф = .01, and 
Е(1, 25) = 28.80, Ф < .01, re- 
spectively. 

These differences between both gra- 
dients were further substantiated by 
an analysis of goodness of fit using 
the multiple gradient as the hy- 
pothetical gradient. That F(5, 34) 
= 4.73, (р < .01) indicates that the 
two gradients are markedly different 
in form. 

The third gradient in Fig. 1, labeled 
Single Stimulus Trials 1—3, represents 
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FiG.2. Postextinction gradients. 
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the mean of the first three extinction 
trials for the individual extinction 
groups. The values in this gradient 
аге part of the total response single 
stimulus gradient shown in Fig. 1. 
The data were fractionated in this 
manner to determine whether the 
form of the total single stimulus 
gradient is an artifact of averaging 
Ог a phenomenon which is preserved 
throughout the entire extinction series. 
he fractionated single stimulus gra- 
dient also appears to be linear when 
tested by the method of ortho- 
Sonal polynomials, /(1, 29) = 22.81, 
X .01); for all other polynomials 

F « 1.00. 


Generalization of Inhibition 


The gradients in Fig. 2 are the 
result of generalization testing after 
the second day of extinction. These 
are multiple stimulus gradients, since 
the groups assigned to the particular 
Wave-length values during extinction 
Were subsequently tested over the 
Tange of values from 490 to 550 ти. 
(with the exception of the group 
labeled 560 which was tested over the 
range 510-560 mu.). 

The effect of the extinction process 
9n the subsequent formation of a 
Seneralization gradient appears to 
Nave been negligible for the groups 
extinguished at 490, 510, and 520 ти. 

Oreover, these gradients bear a 
Striking resemblance to the 550 gra- 
dient (Fig. 1) from the Guttman and 
Kalish (1956) study which indicates 
the reliability of the procedures used 
to generate the gradients in these 
Studies of generalization. The re- 
maining gradients (530, 540, 550, and 
560 mu.), on the other hand, demon- 
Strate a decrement in response rate 
Which appears to be influenced by the 
extinction procedure and reflects a 
Process analagous to generalized in- 

ibition. 
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Fic. 3. Comparison of predicted and obtained 
gradients of inhibition and excitation. 


An attempt was made to account 
for the decrements observed in Fig. 2 
by generating the hypothetical gra- 
dients in Fig. 3. These gradients 
were derived by using the 550-muz. 
excitation gradient from the Guttman 
and Kalish (1956) study as a model 
for the inhibition gradient generated 
at each point of extinction. The 
height of the inhibition gradient was 
assumed to be equivalent to the height 
of the 550-excitation gradient at that 
point. These are the bidirectional 
gradients contained in the lower 
halves of Fig. 3 and, it is interesting to 
observe that, following these as- 
sumptions, the only gradients which 
appear to be affected by the gradients 
of inhibition are 550, 540, and 530 mu. 
The predictions for the remaining 
gradients 520, 510, and 490 my. 
appear to be trivial, since these would 
affect the gradient only at the point 
of extinction and with a reduction in 
response which is probably not greater 
than the amount of error involved at 
that point. 

The discrepancies between the hy- 
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pothetical and obtained gradients are 
contained in Fig. 3. These compari- 
sons indicate no difference between 
the hypothetical and obtained gra- 
dients for 490, 510, and 520 as pre- 
dicted. In each case, the F for 
goodness of fit of the obtained to the 
predicted gradient is less than 1. By 
contrast the test of goodness of fit 
yielded F(5,25) = 3.01, p < .05 for 
530 and F(5, 25) = 36.99, p < .01 
for the 540 comparison. A residual 
gradient appears to have been gen- 
erated for the Ss trained and extin- 
guished at 500 since the predicted 
gradient for this group should have 
been zero. Also, the decrement in the 
residual gradient appears to be sig- 
nificant since the F(5, 20) = 3.45 is 
equivalent toa p = .025. 

The unidirectional curves for 530 
and 540 ти. in the lower halves of 
Fig. 3 are gradients of inhibition ob- 
tained by calculating the difference 
between the expected and obtained 
gradients of excitation using the 550 
group from the Guttman and Kalish 
(1956) study for comparison purposes. 
It is apparent from Fig. 3 that the 
maximum decrement for the gradient 
at 530 and 540 ma., calculated in this 

^ manner, occurs at the training stimu- 
lus instead of at the point of ex- 
tinction. 


DISCUSSION 


Multiple and Single Stimulus Gradients 


The results from the present study 
suggest that the gradient which derives 
from sampling over the range of a specific 
continuum differs in certain salient 
respects from that which is generated 
when S is exposed to only one stimulus. 
'The concave appearance of the multiple 
stimuli gradient in Fig. 2, for example, 
appears to be the result of an increase in 
response to the training stimulus and a 
decrease in the adjacent stimuli when 
compared to the single stimulus gradient. 
In effect, the heightened response at 
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550 my. for the multiple stimulus 
gradient may reflect a differentiating 
process which increases the response to 
the training stimulus in relation to the 
other stimuli throughout the course of 
generalization testing. Similar results 
have also been observed in other studies 
of generalization. When number of 
responses for each stimulus value is 
calculated as a percentage of the total 
(relative generalization) for any par- 
ticular test series in the Guttman and 
Kalish (1956) study, percentage of 
responses to the training stimulus in- 
creases with successive generalization 
test trials and decreases for the adjacent 
stimuli. Other studies have indicated 
the extent to which the generalization 
process can be altered by procedure in 
testing and training. Reinhold and 
Perkins (1955) have obtained evidence 
indicating that the gradient for one 
dimension can be altered by training on 
a different dimension. Specifically, the 
effect of training was to steepen the 
gradient for the second dimension, a 
result which the Zs attributed to the 
development of a set to discriminate 
analagous to the development of learning 
sets. 

Apparently, some considerable part of 
the decrement in the gradient appears 
to be an artifact of the generalization 
testing procedures involving a differ- 
entiating process. 


Generalization of Inhibition 


The results obtained in the second 
part of the present study indicate that, 
while certain evidence concerning gen- 
eralization of inhibition is corroborated, 
other views may need revision. The 
results obtained for the group trained 
and extinguished at 550 mų., for example, 
are substantially similar to those ob- 
tained by Hovland (1937), Honig (1961), 
and Kling (1952). All of these studies 
indicate that when S is trained to all 
stimuli (in the case of Kling to the two 
extreme stimuli) and extinguished to one 
of the extremes, the derived gradients 
of inhibition resemble the gradients of 
excitation in that the reduction in re- 
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Sponse is inversely related to distance 
from the point of extinction. 

The residual gradient for the 550-mz. 
group, (Fig. 2 and 4) suggests that 
extinction was not complete. When the 
difference between the residual gradient 
and the comparison 550-mp. group is 
calculated, the resulting gradient of 
inhibition is similar in form to the 
gradient of excitation; a finding which 
confirms previous studies. 

The same situation does not prevail, 
however, when a stimulus other than the 
training stimulus is extinguished. The 
gradients of inhibition in this case do 
"Ot appear to be mirror images of the 
€xcitation gradient and the inhibitory 
effects are restricted to a region near 
the training stimulus. In the present 
Study this region extended to 530 ma.; 
Yond this, extinction at any point 
did not seem to affect the gradient in 
апу meaningful manner. The gradients 
Which are formed by the groups ex- 
tinguished at 490, 510, and 520 mu. 
Vere almost identical with the 550 com- 
Parison gradient from the Guttman and 
Kalish (1956) study. The postextinction 
Stadients for 530, 540, and 550 mg. in 
"IR. 2 appear to conform to the expected 
Sradients for these groups since they are 
arranged in an approximate sequential 
Order beginning with 550 as the lowest 
and 530 my, as the highest. When the 

50 gradient from Guttman and Kalish 
(1956) is used as a basis for computing 
the decrement, however, the gradients of 
inhibition necessary to account for the 
Postextinction gradients are not sym- 
Metrical around the point of extinction. 

‘stead, both the 530 and 540 inhibition 
gradients exhibit a common character- 
Istic which places the point of greatest 
decrement at the training stimulus. The 
Sroup of Ss trained at 540, extinguished 
at 540, and tested over the range from 
?10 and 560 mp. appears to be similar 
to the group extinguished at 540 and 
tested over the range from 490 to 550 mu. 
"Or this group the greatest relative 

*crement also appears at the training 
Stimulus and the decrement at 560 
арреагѕ to be similar to that for 540 ти. 

While it is difficult at the present time 
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to account for these findings they are, 
nevertheless, supported by Hanson's 
(1959) and Honig, Thomas, and Gutt- 
man's (1959) studies. In the Honig. 
Thomas, and Guttman (1959) experi- 
ment gradients of inhibition derived 
from differences between the postextinc- 
tion gradient and a control gradient for 
Ss trained at 550 and extinguished at 
570 do not have their peak at 570 my. 
In Hanson's (1959) study the point of 
greatest decrement also shifts from the 
point of extinction toward the training 
stimulus. 
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EFFECTS OF INCENTIVE N 


IAGNITUDE ON RUNNING 


SPEEDS WITHOUT COMPETING RESPONSES IN 
ACQUISITION AND EXTINCTION ! 
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32 albino rats were given 1 trial daily in a 14-ft. runway for a total of 73 
acquisition and 72 extinction trials. Trials with competing responses 


(stopping and/or reversing and 


retracing) were scored separately. 


Except for the slow running of the 8% sucrose group, running speed with 
gross competing responses thus eliminated did not consistently vary 


with percentage of sucrose reinforcement. 


However, it increased 


regularly during acquisition and decreased regularly during extinction. 
Тһе data also indicate the role of competing responses to be markedly 


greater, in slowing performance, during extinction. 


It is concluded 


that changes in running can be directly produced by affecting the vigor 
of responding, and are not merely effected indirectly, by changes in 
the amount of interfering behavior. 


Recent experimental work has pro- 
vided a new type of data bearing on 
the question of the extent to which 
certain motivational variables operate 
directly, through variations in the 
vigor of behavior, or indirectly, 
through variations in the amount of 
competing behavior. Thus Cotton 
(1953) controlled competing responses 
in the runway by measuring trials on 
which such occurred separately from 
those on which none occurred. АП 
of the competing responses observed 
by Cotton required the rat S to stop, 
and so were incompatible with for- 
ward running (e.g. face-washing, 
reversing in the runway, etc.). On 
trials on which no stopping occurred, 
he found statistically reliable but 
greatly reduced variations in running 
speed as a function of hours of food 
deprivation. Pereboom and Craw- 
ford (1958) manipulated amount of 
reward (10-mg. vs. 50-mg. pellets) 
and found statistically reliable but 
relatively slight changes over trials, 

1 This research was supported by United 
States Public Health Service Grant M-817 
from the National Institute of Mental 


Health, Bethesda, Maryland. . 
? Now at Florida State University. 


when only forward progress in the 
runway was measured. A later run- 
way experiment by King (1959) vary- 
ing hours of food deprivation indicated 
much more marked variations in speed 
without competing responses than 
Cotton had earlier found. 

Further experimental data on this 
problem are needed, especially on rate 
of approach to asymptote and ex- 
tinction. Although both Cotton and 
Pereboom and Crawford reported sta- 
tistically reliable differences, with 
competing responses controlled, there 
is some question in each case as 
to whether these differences were 
artifactual.  Cotton’s low-depriva- 
tion groups produced an appreciably 
greater number of trials on which 
times could not be obtained because 
of the failure of the timing device. 
He conjectured that these trials were 
mostly very fast ones on which the 
animals jumped over the photoelectric 
beam. If this conjecture is accurate 
the direct-running times for Cotton’s 
low-deprivation conditions were spuri- 
ously slow, and the statistical reli- 
ability of his drive-behavior relation- 
ship is questionable. Pereboom and 
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Crawford used an admittedly faulty 
direct-run measure. They included 
all of the forward running done by the 
rat, retracing as well as original 
Progress. Thus their early trials, if 
these involved more retracing, were 
also spuriously slow, and the sta- 
tistical reliability of their trials effect 
1$ Suspect. 

The present research was designed 
to produce data on the course of 
Tunning speed over acquisition and 
extinction with competing responses 
eliminated ^ Incentive magnitude 
Was varied in the experiment in order 
to examine its relationship to running 
Speed with competing responses elim- 
inated. Four concentrations of suc- 
Tose in water were used as incentives. 

Single daily trial was given in both 
acquisition and extinction, and two 
Measures of running performance 
Without competing responses were 
Used: forward-progress (FP) speed 
(only time consumed in actual forward 
Progress through runway counted ; all 
Stopping, reversing, and retracing of 
Tunway in forward direction excluded) 
and direct-run. (DR) speed (only 


? After. the present experiment was com- 
Pleted and this report prepared, two more 
recent experiments appeared with relevant 
data, Cicala (1961) reported two experi- 
ments in which he found the usual relationship 
tween running speed and hours of dep- 
ПуаЧоп to persist with little change when 
опу direct-running trials were measured. 

'S methodology was somewhat similar to 
that of King (1959) in that a short (4-ft.) 
Tunway was used and several trials per day 
Were run, Е 

, The second of the recent reports 15 by 
Kintsch (1962). Не gave 55 acquisition 
rials, 1 per day, ina 7-ft. runway. Hours of 
Water deprivation and amount of water 
reinforcement were both positively and reli- 
ably related to starting and running speeds. 
ery few competing-response trials occurred, 
Specially in the later stages of acquisition. 
Kintsch concludes that the differences be- 
tween groups, and also the improvement in 
Speeds over trials, were not artifacts of com- 
Peting responses. 
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those trials in which no stopping or 
reversing and retracing was observed). 
The FP measure has the advantage of 
being available on every trial; the 
DR measure has the advantage of 
being more unambiguously free of 
competing responses, and more reli- 
able (less problem of O judgment and 
no complication from possible varia- 
tions in progress due to differential 
speeds associated with stopping and 
starting). 


METHOD 
Apparatus 


The runway used was 14 ft. long, 3$ in. 
wide, and 5} in. high. 1t had a 1-ft. start box 
and a 16-in. end box, each the same width and 
height as the stem. The masonite sides of the 
runway were encased in a soundproof housing. 
Aluminum grids served as floor switches for 
timing through Standard Electric timers. A 
Hunter decade timer provided automatic 
opening of the start door, 3 sec. after the rat 
was placed in the start box and the top closed. 
The first floor switch was set 6 in. past the 
start door, to measure starting latency. The 
final floor switch was set 8 in. behind the 
end-box door, and timed running in the 14-ft. 
stem. A burette containing the sucrose- 
solution incentive was placed in the top of the 
end box, at the far end, 2 in. from the floor. 

Although this runway is normally used 
with a sound-insulated cover, for present 
purposes the cover was replaced with a hard- 
ware cloth top in order that an O could watch 
the forward progress of the rat. Thirteen 
7}-w. light bulbs were placed at 1-ft. intervals 
on the outside of the runway, where they 
could not influence S, so that E could mark 
the point of retrace by turning on the nearest 
bulb. The only light visible in the runway 
came from two overhead fixtures, 6 ft. above 
the runway and 4 ft. to the side. Each had 
one 100-w. shielded bulb, and there was 
uniform illumination in the runway. А 
ventilating fan ran continuously and served 
as a noise mask. 


Subjects 


Thirty-two female Sprague-Dawley albino 
rats, obtained from the Holtzman Company, 
were the Ss. They had been previously used 
in a bar press experiment involving licking 
of water and 32% sucrose, but had no runway 
experience. ‘They were approximately 120 
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days of age at the start of the experiment. 
They were randomly assigned to four in- 
centive groups, receiving 8, 16, 32, or 64% 
sucrose, by weight in water, during ac- 
quisition. 


Procedure 


Accommodation.—All Ss were placed on a 
23-hr. food deprivation schedule for 7 days 
before experimentation started. They were 
fed Gaines dog pellets for 1 hr. daily. Water 
was available ad libitum. 

Magazine training.—Four days of magazine 
training were given. Each 5 was placed 
individually in the end box, with the door 
closed, and permitted 1 min. licking of the 
appropriate sucrose solution from the burette. 
Timing was begun as soon as licking started 
and continued regardless of pauses. 

Acquisition.—One trial per day for 73 
days was given. Licking of the sucrose 
solution for 20 sec. was permitted, timed from 
the initial lick. The S was then removed from 
the end box and returned to his home cage. 

Four time measures were obtained: 

1. Starting time was measured by a 
Standard Electric timer that began when the 
start door opened and stopped when the first 
floor switch, outside the start box, was hit. 

2. Total running time was measured by a 
Standard Electric timer that started when the 
first floor switch was hit and stopped when the 
final floor switch was hit, closing the end-box 
door behind S. This provided the orthodox 
running measure, including all stops, reversa 
and retracings as well as forward progress. 

3. Forward-progress (FP) time was meas- 
ured by a Standard Electric timer operated 
manually by E, who sat on a platform slightly 
above and to the side of the runway. When S 
stopped, E stopped this clock, which started 
when S hit the first switch. Whenever S 
reversed in the runway E also turned on the 
nearest marking light, to aid in remembering 
the position of farthest progress. When that 
position was again reached by S in his forward 
advance, E started the clock. The clock 
stopped when .S hit the final floor switch. 
The FP time was thus a measure of the time 5 
required to traverse the entire 14-ft. runway, 
without stopping, reversing, or retracing. 

4. Direct-run (DR) time was the running 
time on those trials when no stops, and thus 
no gross competing behavior, occurred. АП 
such trials were marked on the record sheet 
by E. The DR time was thus the purest 
measure of noncompetitive performance, and 
was also completely automatically obtained. 

Extinction.—One trial per day was given 
for a maximum of 72 days. The only differ- 
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ence from acquisition procedure was that the 
burette was removed from the end box, and 
the 20 sec. were timed from entrance into the 
end box. Each S was continued to a criterion 
of two successive failures to reach the end 
box within 180 sec. 


RESULTS 
Acquisition 


Typical changes in orthodox start- 
ing and total running time measures 
were obtained but are not reported in 
detail here. Starting time is largely a 
measure of competing activity, which 
decreases as S orients itself more 
effectively for the start-door opening. 
Competing activity in the runway is 
very slight at the 23-hr. deprivation 
level, as Cotton's (1953) data in- 
dicated. Our total running scores, 
including extraneous behaviors, were 
in all cases parallel and very close to 
the FP score (cf. Fig. 4). 

The FP and DR scores were trans- 
formed from time scores to speeds, in 
terms of ft/sec, and all graphs 
and statistical analyses utilized this 
measure. 

The FP speeds for the entire 73 
trials are shown in Fig. 1, in blocks of 
six trials (seven for the final block). 
Here the concentration effect was not 
reliable, F(3, 24) = 1.21, p > .05. 
The blocks effect was highly reliable, 
F(11, 264) = 26.17, р < .005; and 
the Concentration X Block interac- 
tion was reliable, F(33, 264) — 1.616, 
р < .05. 

Ап interesting feature of Fig. 1 is 
the decline from asymptote of each 
of the concentration groups and the 
subsequent return to a new and ap- 
parently lower asymptote. That this 
phenomenon is a genuine one is sug- 
gested by the fact that the decline 
occurred in each of the concentration 
groups and persisted over a relatively 
long period of time. Furthermore, it 
came at a progressively later point 
for the various concentrations, occur- 
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Sucrose concentrations for 12 blocks of six 
trials in acquisition. 


ring first for the 64% Ss, which hit 
their first asymptote earliest, next for 
the 32% Ss, which hit their first 
asymptote next (albeit a lower one 
than that of the 16% Ss), and then 
for the 1695, and finally for the 8% 
Ss. Recovery from the decline in 
Speed was also in that order. 

A separate analysis of variance of 
the FP speeds by sucrose concentra- 
tions was performed for the first two 
trial blocks (12 trials), in order to 
evaluate concentration effects over 
the early acquisition trials. Here 
the concentration effect was reliable, 
F(3,24) = 3.77, p < .05. The effect 
Was due primarily to slower running 
by the 8% group. Ап orthogonal 
Comparison of the mean for the 8% 
Stroup with the other group means 
Showed that this group ran reliably 
Slower, F(1, 24) = 8.37, p < .01. 

he trials effect was highly reliable, 
F(11, 264) = 250.14, p < .001; the 

Oncentration X Trials interaction 
Was also reliable, F(33,264) = 2.02, 
® < .05. 

The DRs began early in acquisition, 
Tom the first (2 Ss) to the eighth 

1 S) trial, with a median number of 
Ошу two trials before the first such 
Tun. There was some tendency for 
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higher-concentration Ss to show more 
DRs early (group totals in the first 
six-trial block of 27, 18, 11, and 10 
for 64%, 32%, 16%, and 8% groups, 
respectively), but by the sixth trial 
most of the Ss were running directly, 
and this conditon continued through- 
out the 73 acquisition trials. 

Mean DR speeds for the four 
concentration groups are shown in 


Fig. 2. Analysis of variance of these 
data showed reliable main effects 
for concentration, F(3, 75) = 3.47, 


p «.025; and trials, F(11, 208) = 27.80, 
p «.001. The increment over trials 
and the decline from the first asymp- 
tote are both quite clear. Scheffé's 
(1959, pp. 362-363) test was utilized 
to determine if the decline and sub- 
sequent recovery were statistically 
reliable. To test the decline, means 
were compared for the fifth and ninth 
trial blocks. To compute the F* 
value, Scheffé's recommendation that 
the .10 level of confidence be adopted, 
to increase the power of the test, was 
followed. The contribution of the 
decline to the trial blocks Ё was 
reliable at the p = .10 level (F* 
— 18.77; 15.18 required for .10, 20.13 
for .05). A test of the recovery was 
made by comparing Trial Block 9 
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Fic. 2. Mean direct-run speeds by sucrose 
concentrations for 12 blocks of six trials in 
acquisition. 
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forward-progress speeds in acquisition. 


with Trial Block 11. "This difference 
was not reliable at the .10 level 
(F* — 10.03; 15.18 required). 

When the four curves shown in 
Fig. 2 are combined into a single 
curve of DR speeds for all Ss, and a 
comparable curve for all Ss’ FP 
speeds on nondirect runs is plotted on 
the same axes, the result is shown in 
Fig. 3. There is no question as to the 
reliability of the overall difference; as 
one might expect, every one of the 26 
Ss available for the comparison* ran 
faster on DR than on non-DR trials 
(mean difference of .88 ft/sec). 


Extinction 


No consistent group differences 
appeared in extinction in either the 
FP or DR speed measures, except for 
a slight tendency for the 8% Ss to 
show a lower FP speed during the 
early trials. Sucrose concentration 
groups were therefore pooled, and 
compared with similarly pooled curves 
for acquisition. From the fourth 


4 Two Ss could not be used for this com- 
parison because they did not have a sufficient 
number of non-DR runs (10 of the 12 blocks 
of six trials in each case being entirely com- 
posed of direct runs). 
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block, extinction means were com- 
puted on the basis of a regularly 
diminishing N (to the final 13 Ss 
which did not meet the criterion), 
but in spite of this selection the scores 
remained reasonably stable once the 
asymptotes were reached. Figure 4 
shows this acquisition-extinction com- 
parison, together with the correspond- 
ing curves for the total-running meas- 
ure (total time on all trials included). 
FP speed is plotted because of the 
scarcity of DR trials after the first 
few days of extinction. Criterial ex- 
tinction trials are excluded. 

Two major aspects of Fig. 4 are to 
be noted. First, there was a marked 
reduction in FP speed in extinction, 
quite similar to the increment that 
occurred during acquisition. Note, 
nonetheless, that the asymptotic ex- 
tinction speed by this measure was 
very close to the original acquisition 
level. Second, while the two running 
measures showed very similar progress 
during acquisition, consistent with 
Cotton's (1953) finding for rats under 
a relatively high-drive condition, they 
did diverge markedly during extinc- 
tion, and the total orunning speed 
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Fic. 4. Mean total-running and forward- 
progress speeds in acquisition and ex- 
tinction. 
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declined to a level markedly below the 
original level in acquisition. 

‚То test the apparently greater 
divergence of these two measures in 
extinction the following procedure 
was adopted. For each 5 total- 
running speed during the first acquisi- 
tion block was subtracted from total- 
running speed during the fourth 
block; the corresponding difference in 
Speed between the first and fourth 
blocks was also obtained for the FP 
Measure. The difference between 
these two measures of gain in speed in 
acquisition was then compared with 
the comparable difference in loss of 
Speed over the first four trial blocks 
in extinction. The result of this final 
comparison was that 26 of the 28 Ss 
showed a relatively greater change in 
extinction than in acquisition. The 
Mean difference between scores was 
1.46 ft/sec; this mean score was 
. Teliably greater than zero, (27) =8.95, 
b «.001. It is therefore concluded 
that the differential loss in extinction 
Was reliably greater than the differ- 
ential gain in acquisition, as indicated 
In Fig. 4. 

The number of DRs per rat in ex- 
tinction varied from a minimum of 2 
to a maximum of 11 with a median 
and a mode (7 Ss) of 5. In order to 
Obtain sufficient data for a statistical 
test of а change in DR speed over 
extinction some compromise had to 
be made. The 11 Ss which had at 
least 7 DR scores in extinction were 
therefore selected for statistical anal- 
ysis. Mean DR speeds over these 
Scores were, from first to seventh, 
5.22, 5.30, 5.13, 4.84, 5.03, 4.18, and 
4.29 ft/sec. The decline in speed was 
Teliable, F(6, 60) = 20.18, р < .001. 

ine of the 11 Ss showed a decrement 
from the first to the seventh DR 
Score, 

The same trend, and an even more 
Pronounced loss in speed over the 
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last few scores (to 3.67 and 3.57 
ft/sec, for the final two DRs), is 
evident when all of the DR data are 
considered. Finally, only 3 of the 
28 Ss showed a faster speed on their 
last DR compared to their first DR 
in extinction. It is therefore con- 
cluded that no serious artifact from 
selection was involved in the preced- 
ing analysis and that the decline in 
DR speed over extinction was a 
genuine one, comparable to the in- 
crement over acquisition trials (Fig. 2). 

Resistance to extinction as a func- 
tion of sucrose concentration showed 
a slight curvilinear trend. The 8% 
Ss were rather clearly most resistant, 


‘with 6 of 7 failing to extinguish 


within the 72 trials run. This number 
is to be compared with three, one, 
and three failures to extinguish in the 
16, 32, and 64% groups, and the differ- 
ence here was not quite reliable at the 
05 level, x?(3) = 6.35, p.e = 7.82. 
Median runs to extinction were 72, 
46, 22, and 42, in order of increasing 
sucrose percentage. The correspond- 
ing medians for trials to the first 
failure to run within 180 sec.® were 
64, 19, 16, and 21. Three of the 8% 
Ss ran on every one of the 72 daily 
extinction trials; only 1 of the Ss in 
the three other groups did so. Com- 
parison of the 8% and 16% means 
(50.0 compared with 22.9 trials) sug- 
gested the reliability of this difference, 
1(12) = 2.32, p < .05, although an 
analysis of variance of scores for 
all four groups indicated reliability 
slightly short of the .05 level, F(3, 24) 
= 2.587, р. = 3.01. 


Discussion 


The results of this experiment offer a 
clear and straightforward positive answer 


5O0ne S in the 32% group died after 49 
trials and so could not be assigned a normal 
extinction score. However, this S was given 
a score for the less rigorous criterion of first 
failure to run. 
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to the primary empirical question under 
consideration: running behavior with 
gross competing responses eliminated 
shows a regularly increasing speed during 
acquisition and a regularly decreasing 
speed during extinction. The evidence is 
especially impressive when the DR 
measure is considered because, as men- 
tioned earlier and suggested by Fig. 3, 
this measure is intrinsically clearer, in 
terms of competing responses, than the 
FP measure. The earlier runway results 
of King (1959), Cicala (1961), and 
Kintsch (1962), obtained under different 
experimental conditions, are supported. 

There is some evidence in the present 
experiment that incentive variation can 
directly influence running behavior with 
competing responses controlled. How- 
ever, this evidence is not as convincing 
as that for the practice and extinction 
effects. It mainly involves, within the 
present range of incentive values, the 
reduced speed evoked by the 8% concen- 
tration of sucrose. 

It is of course possible that even as the 
rat continues to run down the runway 
his speedgis influenced by competing 
responses which are not entirely in- 
compatible with running—that is, he 
does not stop completely—but which do 
tend to slow him down. Such behaviors, 
for example, as looking, sniffing, and the 
like, might well occur and interfere with 
running speed differentially over trials. 
But such behaviors will need to be 
specified, and more analytic observa- 
tional and recording techniques will need 
to be developed than have heretofore 
been used, before this alternative to a 
direct relationship between motivation 
and running vigor can be convincingly 
demonstrated. 

The marked decline in running speed 
from early asymptote in each of the 
sucrose concentration groups is especially 
interesting in view of the clearly spaced 
nature of the reinforcement (cf. Prokasy, 
1960). Interpretation in terms of satia- 
tion and cutoff factors (e.g., Collier & 
Willis, 1961) is suggested by the fact 
that the time of decline was perfectly 
ordered by sucrose percentage, with the 
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highly concentrated 64% incentive pro- 
ducing the earliest effect. Although only 
20 sec. of daily licking was permitted, 
involving a total liquid volume of less 
than 1 ml., apparently even this rela- 
tively small amount of sucrose provided 
daily is sufficient to produce some 
satiation. However, the relatively low 
degree of volume ingested and cor- 
respondingly small amount of ingestive 
activity suggest that the temporary 
satiation effect was related to a loss of 
incentive value per se, rather than 
mediated by the physiological factors 
known to operate over longer intake 
intervals. 

The fact that the role of competing 
responses was considerably greater in 
extinction than in acquisition, as in- 
dicated in Fig. 4, is particularly relevant 
to a motivational interpretation of 
extinction (Marx, 1958, 1960; Marx 
& Murphy, 1961). The motivational 
theory is also supported by the fact that 
with competing responses controlled 
running speed not only showed a clear 
and progressive increment during ac- 
quisition but also showed a corresponding 
decrement during extinction. 

Methodologically, the present data 
offer strong support to the assumption of 
the value of the more analytic speed 
measures, especially the ЮВ score. 
Questions are raised as to the adequacy 
of the total-time measure in a number of 
standard problems where it has been 
widely and largely uncritically employed. 
For one example, the whole question of 
whether or not a gradient of running 
occurs (cf. Collier, Knarr, & Marx, 1961; 
Knarr & Collier, 1962) can be appro- 
priately investigated only if segmental 
Scores are clearly free of stops and re- 
traces. А preponderance of such com- 
petitive and time-consuming behaviors 
toward the start of the runway early in 
trials, as commonly seems to occur under 
certain conditions (cf. Marx, 1950), 
could easily produce an artifactual “goal 
gradient"—that is, one not attributable to 
differences in running speed per se, as is 
ordinarily assumed. 


INCENTIVE MAGNITUDE AND RUNNING SPEED 
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PAIRED-ASSOCIATE LEARNING AS A FUNCTION OF 


AROUSAL AND INTERPOLATED INTERVAL?! 


LEWIS J. KLEINSMITH anp STEPHEN KAPLAN 
University of Michigan 


This experiment tested the hypothesis that due to the phenomenon of 
perseverative consolidation, a pattern perceived under high arousal 
should show stronger permanent memory and weaker immediate 
memory than a pattern accompanied by low arousal. While recording 
skin resistance as a measure of arousal, 48 Ss were presented 8 paired 
associates for learning. The Ss were tested at various time intervals: 
2 min., 20 min., 45 min., 1 day, and 1 wk. The results confirmed the 


hypothesis (p — .001). 
exhibited high immediate recall 
arousal paired associates exhibited 


low immediate recall and high permanent memory. 


There is growing evidence that 
perseverative consolidation of the 
memory trace can last over a consider- 
able period of time. Glickman (1961) 
provides an extensive review of the 
literature in this area. Still more 
recently, Paré (1961), by the use of 
drugs, has shown that arousal plays an 
important role in the consolidation 
process. A stimulant administered 
immediately following a learning trial 
increases retention, while a depressant 
has the opposite effect. 

As Paré has indicated, reverberat- 
ing neural circuits (Hebb, 1958) 
provide a mechanism to explain the 
effect of arousal on consolidation. 
Under conditions of low arousal, 
relatively little nonspecific neural 
activity will be available to support 
the reverberating trace, resulting in 
little consolidation and poor long- 
term retention. On the other hand, 
under conditions of high arousal the 
increased nonspecific neural activity 
will result in more reverberation, and 
thus retention should be better. 

1 This investigation was supported in part 
by a research grant (M4239) from the 
National Institutes of Health, Public Health 


Service. The Ss in this study were run by 
Robert D. Tarte, research assistant on this 


project. 


Paired associates learned under low arousal 


value and rapid forgetting. 


High 
a marked reminiscence effect, th 


at is, 


While reverberation is taking place, 
however, one might expect the trace 
to be relatively unavailable to the 
organism, resulting in poor recall of 
the consolidating material during this 
interval. Such unavailability follows 
from a consideration of the difficulties 
in refiring a neuron which is already 
firing repeatedly in a reverberating 
circuit. Hodgkin (1948) has shown 
that neurons are sharply limited in 
their maximum rate of firing. Thus 
under high arousal, perseverative 
consolidation should be effective both 
in strengthening the memory trace and 
in making the memory difficult to evoke 
until the perseveration terminates. 

In the present study Ss were asked 
to learn a set of paired associates 
composed of words as stimuli and 
single-digit numbers as responses. 
The words were chosen to differ in 
their arousal value (as measured by 
galvanic skin response). In terms of 
the hypothesis, word-number pairs of 
high arousal value should be recalled 
poorly at first, but should be recalled 
wel at a later time. Low arousal 
pairs, by contrast, should be re- 
membered better at first and should 
Show a gradual decay (forgetting) 
with time. 
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METHOD 


„Subjecis—The Ss were 48 University of 
Michigan undergraduates obtained from in- 
troductory courses in psychology. They were 
гип in six subgroups of 8 Ss each. 

Procedure.—The Ss were given a single 
learning trial with a list of eight word-number 
Pairs, Eight words expected to produce 
different arousal levels were chosen as stimulus 
Words. ‘These were KISS, RAPE, VOMIT, EXAM, 
DANCE, MONEY, LOVE, SWIM. The response 
items were single digits from 2 to 9. 

A slide projector with an exposure time 
of 4 sec. was used to present the stimuli. 
During the training trial S first saw the 
Stimulus word alone, and then saw the word 
Tepeated with a single digit response. To 
Separate the arousal effects from one set of 
Pairings to the next, two slides containing 
Our colors each were inserted between the 
Paired associates, and S was instructed to 
Name the colors. (Red, green, blue, black, 
Yellow, and orange were used randomly on 
these slides.) The S was instructed to “соп- 
Centrate carefully on both colors and word- 
number pairs” as he called them out loud, 
but to avoid rehearsal S was not specifically 
told that he would be tested for recall. 

In order to determine the arousal effects 
of each stimulus word, skin resistance was 
recorded during learning. The electrodes were 
Of the zinc variety described by Lykken 
(1959). To insure constancy of conditions, 
electrodes and recording apparatus were also 
used during the recall session. А 

During the recall session S was instructed 
to indicate the correct number for each 
Stimulus word as it appeared. The correct 
numbers were not repeated. Colors were 
Used as an interpolated task as before. 

Design.—The six groups were tested one 
at each of the following recall intervals: 
immediate (about 2 min.), 20 min., 45 min., 

ay,and 1 wk. Two groups were run at the 
irst recall interval. | 

To correct for serial order effects eight 
different training lists were used for each 
group, designed so that each of the eight 
Words appeared in each position in the list 
Once (Fisher & Yates, 1938). The order of 

€ recall lists was varied in the same manner. 

Data amalysis.—Any drop in S's skin 
Tesistance which occurred within 4 sec. of 
Presentation of a given word was considered 
an arousal deflection; these were converted to 
Percent deflections. Each S's eight GSR 

leflections were then ranked. (In case of 
ties, absolute skin resistance level was used 
to break them. A deflection occurring at @ 
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low level of absolute skin resistance was 
considered higher arousal than a similar de- 
flection occurring at a higher absolute level.) 
The three highest deflections for each S were 
designated “high arousal learning," and the 
three lowest were designated “low arousal 
learning." 


RESULTS 


Figure 1 illustrates the relationship 
between high and low arousal recall 
as a function of time. At immediate 
recall, numbers associated with low 
arousal words are recalled five times 
as often as numbers associated with 
high arousal words. The capacity to 
recall numbers associated with low 
arousal words decreases as a function 
of time in a normal forgetting curve 
pattern. On the other hand, the 
capacity to recall numbers associated 
with high arousal words shows 
a considerable reminiscence effect. 
After 20 min., the increase is more 
than 100%, and after 45 min. it has 
increased 400%. This high capacity 
for recall of high arousal pairs persists 
for at least a week—the longest in- 
terval employed. 

Analysis of variance (Lindquist, 
1953) for correct responses confirms 
the trends in the figure at p < .001 


50. 


40. 


P 
s 


Per Cent Recalled 


3 


4 
Time in Minutes 


Fic. 1. Differential recall of paited 
associates as a function of arousal level. 
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TABLE 1 


ANALYSIS OF VARIANCE OF RECALL SCORES 


Source af| MS | F 
Between Ss 47 _ 
"Conditions (B) 4 | 0.1459 27 
Error (b) 43 | 0.5377 
Within 55 48 
Arousal level (A) | 1 | 0.1667 27 
AXB 4 | 5.7396 | 9.45*** 
Error (w) 43 | 0.6076 
Total 95 
жав р < ‚001. 


(Table 1). The significant interaction 
is primarily attributable to the effect 
of the immediate condition, F(1, 15) 
= 11.36, p < .005, and the 1-wk. 
condition, F(1,7) = 11.67, р « .025. 
'Thus at immediate recall, low arousal 
learning is significantly greater than 
high arousal learning; after 1 wk., the 
situation has reversed and high arousal 
recall is significantly better than low 
arousal recall. 

As can be seen in Table 2 the dis- 
tribution of items at different times 
sampled forms no systematic patterns 
that might account for the results 
obtained. This table shows the 
proportion of each of the eight items 
at each time sampled for both high 
and low arousal learning. 
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Discussion 


The increase in the capacity to recall 
items learned under conditions of high 
arousal in contrast to items learned under 
low arousal conditions provides further 
support for the theory of reverberating 
neural circuits. A somewhat simplified 
physiological explanation of the processes 
involved may be pictured as follows. 
When a person perceives a pattern, a 
closed, reverberating neural circuit is set 
up in his brain corresponding to this 
pattern. The more nonspecific neural 
activity or arousal present, the greater 
the number of times which the trace is 
likely to reverberate. And the greater 
this perseverative consolidation of the 
neural trace, the stronger the permanent 
memory. 

However the apparent paradox is that 
while perseveration is taking place, recall 
ability is poor. This follows from the 
hypothesis that at any given instant the 
neurons involved in the perseverating 
trace are either already in the process of 
firing, or are in an absolute refractory 
state, or may be in a state of slowly 
developing subthreshold activity (Hodg- 
kin, 1948); thus the trace would be 
relatively unavailable to the organism. 
With greater arousal there will be in- 
creased perseveration and thus poorer 
immediate performance. 

This explanation coincides with the 
empirical findings. High arousal learn- 
ing showed poor immediate recall due to 


TABLE 2 
DISTRIBUTION OF ITEMS AT DIFFERENT TIMES SAMPLED 
High Arousal Low Arousal 
Item 
2 Min. | 20 Min. |45 Min.| Day Wk. '2 Min. | 20 Min.|45 Min.| Day Wk. 
DANCE 06 | .08 | .13 .08 13 13 .08 21 21 17 
EXAM 43 | .04 | .17 | .08 13 15 | i13 | „08 17 21 
KISS 10 43 .08 47 08 15 08 .08 04 17 
LOVE AQ | „13 13 13 17 17 17 | 18 17 08 
MONEY 10 17 08 04 08 08 17 11 21 13 
RAPE 27 13 21 21 25 04 17 | 104 08 04 
SWIM 40 | 43 | 43 | .08 08 15 | 3 | 213 08 13 
VOMIT A3 | .21 08 | 21 08 15 | .08 17 04 08 
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the hypothesized period of unavailability 
of the trace, while recall was better under 
low arousal, for this immediate period. 
The long-term effects are, as predicted, 
in the opposite direction. There was 
Significantly poorer long-term retention 
under low arousal and superior long-term 
retention under high arousal. This is in 
keeping with the expectation that there 
Would be more consolidation and thus 
better learning under high arousal. 

Reminiscence has become so rare in 
recent years that Underwood (1953) has 
Wondered if it might not be a prewar 
Phenomenon. This study suggests that 
methodological considerations might be 
an important factor in the return of 
Teminiscence. The innovation in this 
experiment consisted of measuring 
arousal during learning and thus inde- 
pendently determining in advance which 
items should show reminiscence effects 
and which should not. When recall asa 
function of time is plotted for all items 
at once, little reminiscence is evident. 
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SEMANTIC TRANSFER OF 


THE DIFFERENTIAL CONDI- 


TIONED EYELID RESPONSE FROM WORDS TO 


OBJECTS} 


THOMAS F. HARTMAN? 


University of Wisconsin 


This experiment investigated transfer of the eyelid CR from words to 
objects possessing characteristics of the words and evaluated the effects 
of concurrently verbalizing specific characteristics of the objects. 120 
Ss were used. Findings were (a) marked discrimination early in the 
transfer phase even when the words initially differentially reinforced 
were unrelated to the objects; (b) more initial CR transfer to the posi- 
tive object CS for 2 groups with initially relevant words—one group 
verbalizing a dimension of the objects identical to the words, the other 


group verbalizing another relevant dimension of the objects; 


initial transfer of discrimination 
dimension of the objects identical 


The purpose of the present in- 
vestigation was to explore the transfer 
of the eyelid CR from word CSs to 
object CSs possessing characteristics 
denoted by the words, and to evaluate 
the effects on transfer of verbalizing 
a relevant characteristic of the object 
CS that was or was not represented by 
the initial words CSs. The few condi- 
tioning studies on word-object transfer 
in available literature (Branca, 1957; 
Kapustnik, 1930) as well as those in- 
vestigating other types of semantic 
transfer (See Razran, 1961) have used 
relatively long latency CRs (e.g., GSR, 
salivation, vasoconstriction, blood co- 
agulation). It seems desirable to 
explore semantic transfer with a 
shorter latency response, as shortening 
time for response should reduce vari- 

1 Based upon a dissertation submitted to 
the Psychology Department, University of 
Wisconsin in partial fulfillment of the require- 
ments for the PhD degree. The author wishes 
to thank David A. Grant for his assistance. 
This research was supported in part by the 
National Science Foundation and in part by 
the Research Committee of the Graduate 
School of the University of Wisconsin with 
funds provided by the Wisconsin Alumni Re- 


h Foundation. 
E at Thomas J. Watson Research 


Center, IBM, Yorktown Heights, New York. 


(c) more 


only for the group verbalizing the 


to the word CSs. 


ability in behavior, and may also 
limit the amount of semantic media- 
tion that can occur. Since the 
methodology of the eyelid CR has 
been more thoroughly explored than 
the CRs previously used (Grant, 
1945; Grant & Norris, 1947; Hart- 
man, Grant, & Ross, 1960; Hartman 
& Ross, 1961; Spence & Ross, 1959; 
Spence & "Taylor, 1951), study of 
semantic transfer of this response 
would be desirable in any event. One 
methodological complication of the 
eyelid CR offers an unusual op- 
portunity to investigate the con- 
tribution of voluntary responding. 
Because Ss in eyelid conditioning can 
be separated into voluntary and non- 
voluntary responders solely on the 
basis of the form of the response 
(Hartman & Ross, 1961; Spence & 
Ross, 1959) it is possible to determine 
objectively the differences between 
these two modes of responding in 
semantic transfer of differential con- 
ditioning. 
МЕтнор 


Apparatus.—The apparatus was modified 
from that used in earlier research (Hartman 
& Grant, 1960). Ambient room illumination 
was approximately 1 mL. Immediately in 
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front of S was a microphone which was con- 
nected to a noise operated relay. About 100 
ст. in front of S’s eyes and approximately at 
his line of level vision was a rectangular 
ground glass screen 45 cm. wide and 30 cm. 
high. During the first part of the experiment 
the CS consisted of flashing a word on the 
Screen with a 16-mm. strip film projector. 
The words were in block letters, white on a 
* dark background, approximately 6 cm. high. 
Between presentations of words the screen 
displayed a frame of the same density as the 
background of the frames containing words. 
On each side of the screen at the level of the 
Projected words was a 10-cm. circular milk 
glass window. The centers of the two win- 
dows were 62 cm. apart horizontally. The 
illumination of either of these windows was 
the CS in the second part of the experiment. 
The window on the left was illuminated by a 
lue 6-w. lamp; the window on the right by a 
Similar red lamp. Neutral filters were inserted 
in the windows to equalize their apparent 
brightness at about .8 mL. The final hues 
Were desaturated blue and pink which were 
hot evident unless the windows were il- 
luminated. The CS in both parts of the 
experiment had a duration of 1250 msec. 
On reinforced trials, the UCS was a puff of 
hitrogen of 50 msec. duration administered 
to S's cornea 1060 msec. after the onset of CS. 
rhe puff was monitored by а 150-mm. column 
of mercury at the source. Intertrial intervals 
Varied between 15 and 35 sec. with a mean 
of 25 sec. as programed by a tape transmitter, 
Experimental design.—Before the session 
began 5 was read the “neutral” instructions 
Used at the Wisconsin laboratory. A 3272 
orthogonal design was used. In the first part 
Of the session three groups of 40 Ss each were 
Used; one received the words LION and DEER 
as CSs, a second the words PINK and BLUE, 
and a third the words LEFT and RIGHT. The 
Words were presented with one word of the 
Pair consistently reinforced for half the 5s, 
апа the other word of the pair consistently 
reinforced for the other half of the 5з. АП 5з 
Were given 20 reinforced trials and 20 un- 
reinforced trials with each successive block of 
trials containing 5 reinforced and 5 un- 
reinforced trials. The sequences were further 
Constrained so that runs of like trials greater 
than 3 did not occur. One random sequence 
and its complement were used in each group. 
ach of the sequences was used with each 
Word of the pair reinforced, so there were four 
Complete word-reinforcement sequences In 
each group. 
During the minute between the two parts 
ОЁ the experiment half the Ss in each group 
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were told to report the color and half the Ss 
were told to report the laterality of the light 
that appeared as the CS. Either the window 
on the left (blue CS) or the window on the 
right (pink CS) was consistently reinforced ; 
the reinforcement of laterality or color was 
consistent with the words that were rein- 
forced in the groups that received the words 
LEFT and RIGHT or PINK and BLUE as the CSs. 
All Ss were given 20 reinforced trials and 20 
unreinforced trials to the lights, incorporating 
the same restraints on randomness as in the 
first part of the experiment. 

In referring to the groups in the present 
study, the CS words are typed in all capital 
letters followed by the overt verbalizations in 
both capital and lower case letters. For 
example, the group initially conditioned to the 
word pair LION and DEER that verbalized the 
color of the objects in the transfer stage will be 
designated as LION-DEER/Pink-Blue. 

Subjects —The Ss were 72 men and 48 
women students at the University of Wiscon- 
sin. Each of the three groups that received 
different word pairs contained equal numbers 
of men and women. Assignment to these 
groups was random within sex, but an at- 
tempt was made to equate the frequency of 
response to the reinforced word during the 
first stage of the experiment for the two 
groups that were later to make different 
verbalizations to the CS lights within each 
word-pair group. 


RESULTS 


All eyelid closures with latencies 
from 200 msec. to 10 msec. before 
S’s reflex wink to the UCS were 
considered anticipatory responses. In 
some analyses, specified below, Ss 
giving voluntary responses were re- 
moved from the data, using the 
criterion suggested by Hartman and 
Ross (1961); i.e., Ss with time de- 
rivatives of anticipatory eyelid re- 
sponses greater than 3597 of the mean 
derivative of the reflex to UCS on 
more than half their responses were 
classified as voluntary Ss. Since the 
data of greatest interest in the present 
study were the trials immediately 
after the shift from word CSs to 
object CSs, the criterion for rejection 
of voluntary Ss was applied only to 
the first five postshift trials to the 
positive CS. 
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© LEFT-RIGHT LEFT - RIGHT 
o PINK- BLUE LEFT-RIGHT 
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WORDS 


OBJECTS 
SUCCESSIVE 5 TRIAL BLOCKS 


Fic. 1. Percentages of CRs plotted for 
successive five-trial blocks for the groups 
verbalizing the position of the objects. (Plots 
are from the data of all Ss.) 


Figures 1 and 2 show the mean 
percentage of anticipatory responses 
to the positive and negative CSs for 
all Ss in each group plotted as a 
function of successive five-trial blocks. 
When Ss giving voluntary form re- 
Sponses were removed the acquisition 
functions were basically the same 
except that the level of response to the 
positive CSs was somewhat lower ; 
therefore, they are not presented. 
The derivative criterion classified 20 
Ss as voluntary: 2 in the PINK-BLUE/ 
Left-Right group, 3 each in the LEFT- 
RIGHT/Left-Right and LION-DEER/ 
Pink-Blue groups, and 4 each in the 
remaining groups. Analyses of vari- 
ance among reinforcement patterns 
for each word pair and among rein- 
forcement patterns for the objects 
were not significant, so the pattern of 
reinforcement was ignored in these 
figures and all computations. 

Conditioning to word pairs.—lt is 
apparent from Fig. 1 and 2 that 
marked conditioned discrimination 
can be established to word CSs. The 
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terminal conditioned discrimination 
was significant in every group; anal- 
vses of variance of frequency of 
response over the last five-trial blocks 
gave highly significant Fs between 
positive and negative CSs; the small- 
est F(1, 18) = 19.66 for the data of 
all Ss in the PINK-BLUE/Left-Right 
group. To determine if any of the 
words produced different terminal 
response rates, separate analyses of 
variance of frequency of response 
among word pairs over the last five- 
trial blocks were computed for all 
Ss and nonvoluntary Ss for both the 
positive and negative CSs. The 
largest F among the three word pairs 
was F(2,97) = 1.46 (p > .25). All 
words used were, therefore, approxi- 
mately equally effective when used 
as CSs. 

Initial transfer to objects. —Figures 
1 and 2 show considerable discrimina- 
tion to the objects during the first 
five-trial transfer blocks even if the 
word pair originally reinforced was 
not related to the objects. The condi- 
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Fic. 2. Percentages of CRs plotted for 
successive five-trial blocks for the groups 


verbalizing the color of the objects. (Plots 
are from the data of all Ss.) 
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tioned discrimination over the first 
five-trial blocks was tested in each 
group by analysis of variance. The 
discrimination was highly significant 
in every group, the smallest F between 
positive and negative CSs was F(1, 18) 
= 22.98 in the LION-DEER/Pink-Blue 
group. The curves for the positive 
CSs show consistent differential trans- 
fer of frequency of response in both 
figures; i.e., the groups with the initial 
Word pair relevant to the objects and 
the cencurrent verbalization a con- 
tinuation of the initial word pair 
Showed the most transfer, and the 
groups with the initial words irrele- 
vant to the objects showed the least 
transfer. The curves for the negative 
CSs show no consistent differential 
transfer of frequency of response. 
After the first block of trials the 
Stimuli produced essentially equiva- 
lent rates of response regardless of the 
initial CS words. . 
In order to have the most sensitive 
measure of differential transfer à 
dependent variable reflecting magni- 
tude as well as frequency of response 
Was used. The measure incorporating 
response magnitude was the ratio of 
the amplitude of the CR to the 
amplitude of the reflex response to the 
UCS on that trial for a reinforced trial, 
and for an unreinforced trial the ratio 
of the amplitude of the CR to the 
amplitude of the reflex response to the 
UCS on the preceding reinforced 
trial for the word CSs or the following 
reinforced trial for the object CSs. 
f this ratio on an unreinforced trial 
Was greater than 1, it was arbitrarily 
recorded as 1. The percentage trans- 
fer of CRs to the positive CS sum- 
marized in Table 1 illustrates that 
although this magnitude ratio score 
(MR) shows the same trend of differ- 
ential transfer as does percentage fre- 
Quency, it is sensitive to the fact that 
many of the CRs to the objects follow- 
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TABLE 1 


PERCENTAGE TRANSFER OF CRs TO THE 
PosrrivE CS FROM THE Last FIVE 
PRESHIFT TRIALS TO THE FIRST 
Five PosrsuirT TRIALS 


Anss —|Nonvoluntary 
- ” Ss 
Group 

Fre- Fre- 
quency MR quency MR 
100.0 | 98.8 | 103.9 | 101.4 
90.7 | 91.3 93.3 94.0 
84.6 | 78.2 86.8 79.1 
P BLUE/Pink-Blue 109.4 |105.0| 118.3 | 132.8 
fi RIGHT /Pink-Blue 85.9 | 88.4| 89.0 | 92.0 
LION-DEER /Pink-Blue 70.8 | 64.3| 67.3 | 59.2 


ing an irrelevant word pair are quite 
small. Table 1 shows this was most 
evident for the nonvoluntary Ss; 
voluntary Ss tend to give more com- 
plete closures on both original stage 
and transfer stage. In this study non- 
voluntary Ss gave very few complete 
closures—only 13% of the responses 
over the last 10 trials to the word CSs. 

Differential transfer was expected 
to be most evident in the first few 
trials to the objects, so that to test for 
differential transfer only the data for 
the first five-trial blocks to the objects 
were used. Separate analyses of 
covariance were computed for the 
data of all Ss and the data of the non- 
voluntary Ss. 'The dependent vari- 
able was MR on the first five-trial 
blocks to the objects; the concomi- 
tant variable was MR on the last 
five-trial blocks to the words. The 
data were analyzed as a 2 X 3 ortho- 
gonal design, with the verbalizations 
Left-Right and Pink-Blue orthogonal 
to verbal relevance; i.e., (a) the initial 
word pair relevant to the objects and 
the verbalizations a continuation of 
the word pair, (b) the initial word 
pair relevant to the objects but the 
verbalizations another dimension of 
the objects, or (c) the initial word pair 
not relevant to the objects. These 
analyses of covariance are summarized 
in Table 2. Whether .S verbalized 
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TABLE 2 


ANALYSES OF COVARIANCE OF SUMMED MR oN 
First Five Роѕтѕніғт TRIALS 


Positive | Nega- | Differ- 
cs 


Sure df tive CS| ence» 


Verbalization (V) 
Verbal relevance (R) 
R 


x 
Error (M.S) 11 
Among slopes 
Slope error (MS) 108 | (5.249) 


Nonvoluntary Ss 


Verbalization (V) 1| 0.442 1.423 0.926 
Verbal relevance (R)| 2| 8.260**| 0.547 3.576* 
VXR 2| 1.246 .806 0.648 
Error (MS) 93| (5.689) | (3.461) | (6.097) 
Among slopes 5| 1.690 2.353 0.994 
Slope error (М5) 88| (5.486) | (3.227) | (6.099) 

* Difference positive CS minus negative CS. 

жр = 05. 

** p = 001; 


Left-Right or Pink-Blue was not 
significant in any of the analyses. 
There was, however, statistically sig- 
nificant differential transfer of re- 
sponsiveness to the positive CS and 
statistically significant differential 
transfer of degree of discrimination 
with respect to verbal relevance for 
the analyses utilizing the data of all 
Ss and the data of the nonvoluntary 
Ss only. The Fs were significant at 
the .01 level for responsiveness to the 
positive CS and the .05 level for 
degree of discrimination. The inter- 
action was never significant; i.e., the 
same trends occurred in the groups 
that verbalized Left-Right as in the 
groups that verbalized Pink-Blue. 
Analyses of responses to the negative 
CS disclosed no significant effects. 
'The means adjusted by covariance 
that produced the significant Fs in 
'Table 2 are shown in Table 3. The 
means were examined using the mul- 
tiple range test of Duncan (1955), 
with the technique of Kramer (1956) 
for unequal replication. Means not 
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underlined by the same line are 
significantly different at the .05 level. 
Both groups with the initial word pair 
relevant to the objects showed sig- 
nificantly more transfer of responsive- 
ness to the positive CS than the group 
with the initial words irrelevant, but 
the groups with the words relevant 
did not differ from each other. Only 
the group with the word pair relevant 
and the verbalization a continuation 
of the word pair showed significantly 
more transfer of discrimination than 
the group with the words irrelevant. 
For discrimination no other means 
were significantly different. 

Latency of conditioned responses.— 
To determine if the mean latency 
of CRs was significantly related to 
the degree of discrimination, mean 
latency of CRs was correlated with 
the percentage discrimination in each 
of the treatment groups. The per- 
centage frequency measure (number 
of responses to the positive CS 
divided by the total number of 
responses to the objects) was used 
rather than MR as it is a more 
common measure of discrimination 
in the existing literature. The cor- 
relations were computed from the 
data of the nonvoluntary Ss, deleting 


TABLE 3 
DUNCAN RANGE TESTS OF ADJUSTED 
SumMED MR то THE First Five 
PosrsuirT TRIALS 


Response Irrelevant! Retevant| Continut 
Measured | Jnitial |р Сонот 
All Ss 
Positive CS 1.71 2.35 
Difference» 1.26 1.81 
Nonvoluntary 55 
Positive С$ 133 1.80 2.06 
Difference» 1.07 1.56 


Note.—Means not underscored by same line differ 
from each other, p = ‚05. 


* Difference = positive CS minus negative CS. 
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3 additional Ss who showed no 
conditioning (therefore no CR la- 
tency). The r average (s transform) 
over groups was .56 (df — 79), 
b < .001; Ss with longer mean CR 
latency showed better discrimination. 
Analysis of mean CR latency disclosed 
no significant differences among the 
Six groups. 

Latency of verbalizations—A test 
for relationship between latency of 
verbalization to the objects and per- 
centage discrimination was made by 
correlating these data for the same 
97 Ss used in the CR latency analysis. 
No S failed to make the required 
verbalization on more than 1 of the 40 
trials, but some of the verbalizations 
Occurred at very long latencies. Any 
latency longer than 1235 msec. was 
arbitrarily recorded at that value, so 
that a few very long latency verbaliza- 
tions did not markedly affect S's 
mean latency of verbalization. T he 
mean latency of verbalization was not 
Significantly correlated with percent- 
age discrimination; the r average over 
all groups was —.10 (df = 79), 
b > .20, indicating no linear relation- 
Ship. Analysis of mean latency of 
verbalization disclosed no significant 
differences among the six groups. 


DISCUSSION 


The conditioned discrimination es- 
tablished to words in the present study 
Was comparable to that reported by 
Hartman and Grant (1962) to laterally 
Separated lights when а 1000-msec. CS- 
UCS interval was used. It appears that 
words as CSs gave approximately the 
same level of conditioning and discrimi- 
nation as the laterally or horizontally 
separated lights typically used as the CSs 
in differential eyelid conditioning studies. 

The formation of а differential condi- 
tioned response to the words produced 
marked facilitation of conditioned dis- 
crimination to the objects, as highly 


significant discrimination was evident in 
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all groups at the end of the first five-trial 
blocks to the objects. This facilitation 
or transfer of discrimination was initially 
somewhat more evident in the groups 
conditioned to a word pair relevant to 
the objects, so there was a differential 
transfer attributable to the particular 
initial word pair in addition to the gen- 
eral facilitation from the formation of 
a previous discrimination. The large 
amount of transfer not dependent upon 
the particular word pair was noteworthy 
but not of primary interest in this in- 
vestigation so that no direct statistical 
test for it was possible in this experiment; 
the design provided only for a test of 
differential transfer due to the relevance 
of the particular word pair to the 
verbalization concurrent with the pres- 
entation of the objects. It was possible, 
however, to determine indirectly the 
approximate magnitude of the general 
transfer of discrimination by comparing 
the discrimination on the first five-trial 
blocks to the objects with the discrimina- 
tion on the first five-trial blocks to the 
word pairs. The discrimination to the 
objects was appreciably better. The 
discrimination on the first five-trial 
blocks to the objects was also much 
superior to that reported by Hartman 
and Grant (1962) on the first four-trial 
blocks to laterally separated lights with a 
1000-msec. CS-UCS interval. Even 
without a direct statistical test the 
evidence for a general facilitative effect 
of a discrimination on a subsequent dis- 
crimination was quite convincing. 
Despite the extensive general transfer 
of discrimination in all groups, there was 
consistent differential transfer among the 
groups for both responsiveness to the 
positive CS and degree of discrimination. 
The differential transfer of degree of 
discrimination was due entirely to the 
differential transfer of responsiveness to 
the positive CS, as there were no con- 
sistent trends in responsiveness to the 
negative CS among the groups. More 
transfer to objects when Ss were previ- 
ously conditioned to words relevant to 
the objects was expected, and the find- 
ings of Kapustnik (1930) and Branca 
(1957) were confirmed. Previous studies, 
however, provided no basis for predicting 
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differences between the groups with 
relevant initial word pairs but different 
verbalizations to the objects. Stable 
semantic transfer with a skeletal CR does 
exist, but the effects were not large. 
Removing the Ss from the data that 
gave voluntary form responses did not 
do away with the semantic transfer; it 
was not caused by Ss responding 
voluntarily to the objects. 

Apparently the verbalization need not 
be a continuation of the initial relevant 
word pair to obtain increased transfer; 
the data provided no explicit support for 
mediated transfer based on subvocal 
response to the initial words. The 
verbalizations in the present study only 
forced S to attend to a particular dimen- 
sion of the objects; the latency of these 
responses was probably not a simple 
function of the discriminative process as 
no explicit set to vocalize as rapidly as 
possible was given. The Ss did not 
adopt a "reaction time" set either, as 
the vocalizations of the Ss in this study 
were considerably longer than the re- 
action times reported by Brainard, Irby, 
Fitts, and Alluisi (1962) under similar 
conditions. All nonvoluntary Ss had a 
mean CR latency considerably longer 
than the estimate of the latency of the 
discriminative process from the data of 
Brainard et al. (1962), but only 45 of 
these 97 Ss had a mean CR latency 
longer than the mean latency of ver- 
balization. These data suggest that the 
overt verbalizations probably did not 
form a part of the effective stimulus 
complex that S was responding to in this 
study, but rather that the verbalizations 
were simply a resultant of the dis- 
criminative process, as were the CRs. 
Since overt verbalizations did not appear 
to be a part of the effective stimulus 
complex interpretation of the data in 
terms of Wickens’ (Wickens, 1959; 
Wickens, Gehman, & Sullivan, 1959) 
mediated response model is not war- 
ranted. 


REFERENCES 


BnaiNARD, К. W., Innv, T. S., Frrrs, P. M., 
& ALLUISI, E. A. Some variables influenc- 
ing the rate of gain of information. J. exp. 
Psychol., 1962, 63, 105-110. 


HARTMAN 


Branca, А. А. Semantic generalization at 
the level of the conditioning experiment. 
Amer. J. Psychol., 1957, 70, 541-549. 

Duncan, D. B. Multiple range and multiple 
F tests. Biometrics, 1955, 11, 1-42. 

Grant, D. А. A sensitized eyelid reaction 
related to the conditioned eyelid response. 
J. exp. Psychol., 1945, 35, 393-402. 

Grant, D. A, & Norris, E. B. Eyelid 
conditioning as influenced by the presence 
of sensitized beta responses. J. exp. 
Psychol., 1947, 37, 423-438. 

Hartman, T. F., & Grant, D. А. Effect of 
intermittent reinforcement on acquisition, 
extinction, and spontaneous recovery of the 


conditioned eyelid response. J. exp. 
Psychol., 1960, 60, 89-96. 
HARTMAN, T. F., & Grant, D. A. Differ- 


ential eyelid conditioning as a function 
of the CS-UCS interval. J. exp. Psychol., 
1962, 64, 131-136. 

Hartan, T. F., Grant, D. A., & Ross, L. E. 
An investigation of the latency of “in- 
structed voluntary" eyelid responses. Psy- 
chol. Rep., 1960, 7, 305-311. 

HARTMAN, T. F., & Ross, L. E. An alterna- 
tive criterion for the elimination of “volun- 
tary" responses in eyelid conditioning. 
J. exp. Psychol., 1961, 61, 334-338. 

KAPUSTNIK, О. P. [The interrelation between 
direct conditioned stimuli and their verbal 
symbols.] Trudy Lab, Fiziol. Vyssh. 
Nervn. Deyatel. Rebyonka, 1930, 2, 11-22. 
(Psychol. Abstr., 8:152) 

KRAMER, C. Y. Extension of multiple range 
tests to group means with unequal numbers 
of replications. Biometrics, 1956, 12, 307- 
310. 

Razran, G. The observable unconscious and 
the inferable conscious in current Soviet 
psychophysiology: Introceptive condition- 
ing, semantic conditioning, and the orient- 
ing reflex. Psychol. Rev., 1961, 68, 81-147. 

SPENCE, K. W., & Ross, L. E. A methodo- 
logical study of the form and latency of 
eyelid responses in conditioning. J. exp. 
Psychol., 1959, 58, 376-385. 

Spencer, К. W., & TavLom, J. Anxiety and 
the strength of the UCS as determiners of 
the amount of eyelid conditioning. J. exp. 
Psychol., 1951, 42, 183-188. 


WICKENS, D. D. Conditioning to complex 
stimuli. Amer, Psychologist, 1959, 14, 
180-188. 


WICKENS, D. D., Сенмах, R. S., & SULLIVAN, 
S. N. The effect of differential onset time 
on the conditioned response strength to 
elements of a stimulus complex. J. exp. 
Psychol., 1959, 58, 85-93, 


(Received April 4, 1962) 


Journal of Experimental Psycholo, 
1963, Vol. 65, No. 2, 201-205 d 


R-S LEARNING AND NEGATIVE TRANSFER EFFECTS 
WITH A MIXED LIST! 


DONALD A. KAUSLER anp GEORGE A. KANOTI 


St. Louis University 


Transfer effects (both S-R and R-S) were investigated within a mixed 
list (C-D, C-B, A-C, А-В,). 60 Ss learned List 1 (A-B) to a criterion 
and then received 10 trials on the mixed list (List 2). An R-S trial was 


given for each list. 


C-B pairs yielded significant negative transfer, 


confirming Twedt and Underwood's (1959) earlier finding. The amount 


of transfer for C-B pairs correlated with R-S score on C-B pairs (r — 


ә 


for relative transfer), providing support for a confusion hypothesis. 
'The paradigms differed significantly in R-S score on List 2, with C-D 
the greatest amount, then A-C, C-B, and А-В, C-D increased signifi- 
cantly in R-S recall from List 1 to 2, A-B, decreased significantly, and 


A-C and C-B were unaffected. 


The presence of R-S learning has 
ееп inferred in several transfer 
Studies (Harcum, 1953; Murdock, 
1956, 1958) for the purpose of pre- 
dicting both positive and negative 
transfer in paradigms that deviate 
from the classical Bruce-Wylie para- 
digms. Moreover, the general im- 
Portance of R-S learning in transfer 
effects within the Bruce-Wylie para- 
“igms is suggested in a recent study 
by Twedt and Underwood (1959). 
l'hey found an unexpected trend for 
Negative transfer to occur in the 
traditional A-B, C-B paradigm under 
both mixed and unmixed list condi- 
tions. Asa possible explanation they 
Teasoned that the transfer may have 
Tesulted from a confusion between 
3-C (R-S) associations of the second 
list and B-A (R-S) associations of the 
first list. 

The present study was concerned 
further with the relationship between 

-5 learning and negative transfer as 
Telated to both S-R learning of the 
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second list and R-S recall on the 
second list. The study consisted 
largely of a replication of the mixed 
list part of the Twedt and Underwood 
(1959) experiment with the addition 
of R-S measures. The Ss thus learned 
A-B pairs in List 1 and C-B, A-C, 
А-В,, and C-D pairs in List 2, as in 
the original study. Three problems 
were investigated in the present 
study. The first concerned the gen- 
eralization of the negative transfer 
found by Twedt and Underwood in 
the C-B paradigm to a different 
sample of Ss. The second problem 
concerned the relationship between 
degree of R-S learning for the C-B 
pairs in List 2 and the amount of 
negative transfer for the C-B para- 
digm. This problem constituted a 
test of the hypothesis suggested by 
Twedt and Underwood to account for 
the existence of negative transfer in 
what is generally regarded as a posi- 
tive transfer paradigm. The third 
problem involved the relative amounts 
of R-S recall on List 2 for each of the 
four paradigms. If R-S learning is 
related to transfer effects in List 2, 
then it might be expected that the 
effects would be reflected in the 
amounts of R-S recall per se. 
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METHOD 


Lists—The second list (List 2) was 
identical for all Ss. It contained the same 12 
pairs of two-syllable adjectives (low simi- 
larity) employed by Twedt and Underwood 
(1959) in their List 2. Тһе first list (List 1) 
also contained 12 pairs of two-syllable ad- 
jectives (low similarity), with the C-D, C-B, 
A-C, and A-B, paradigms represented by 
three pairs each. That is, three pairs in 
List 1 were completely independent of List 2 
content and, in conjunction with their List 2 
counterparts, made up the A-B, C-D para- 
digm. Three other pairs in List 1 contained 
identical responses to their List 2 counter- 
parts but completely different stimuli, thus 
making up the A-B, C-B paradigm. In a 
similar manner, the A-C and A-B, paradigms 
were represented by the appropriate List 1- 
List 2 relationships. 

As in the Twedt and Underwood (1959) 
study, four conditions (I, II, III, and IV) 
were used in constructing List 1, with each 
condition represented by three pairs from 
List 2. The use of four groups of Ss, one 
group for each condition, made it possible to 
use all 12 pairs in List 2 equally often within 
the various paradigms. These conditions con- 
trolled for the possibility of differential 
difficulty of items within the paradigms and 
provided a broader sampling of items in each 
paradigm. New stimuli for the C-B para- 
digm and new responses for the A-C paradigm, 
as well as new pairs for the C-D paradigm, 
were provided by 12 pairs of adjectives 
selected from the lower end of the Melton and 
Safier calibration (Stevens, 1951). 

Subjects —The Ss, 55 men and 20 women 
from general psychology classes at St. Louis 
University, were assigned alternately to five 
groups: Groups I, II, III, IV, and C, with 
15 Ss in each group. Groups I-IV repre- 
sented the four list conditions described above 
and for purposes of determining transfer 
effects were combined into one large experi- 
mental group of 60 Ss. Group C was intended 
to be a special control group performing on 
lists identical to one of the list conditions 
for the 60 experimental Ss. Condition II was 
selected at random for this purpose. 

Procedure.—Each S was given standard 
instructions regarding paired-associate learn- 
ing and the anticipation method. This was 
followed by two trials on a warm-up list 
containing three pairs of adjectives com- 
parable to those in the main lists. The 
transfer lists were presented on a Lafayette 
drum at a 2:2-sec. rate, with a 4-sec. intertrial 
interval. All.Ss practiced on List 1 until they 
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reached a criterion of one perfect trial, and all 
Ss received 10 trials on List 2. 

For the 60 experimental Ss, practice on 
List 1 was followed by a 2-min. free recall 
period during which they were asked to write 
down the stimuli from List 1. This recall 
period, in turn, was followed immediately by 
an R-S recall trial in which the responses from 
List 1 were presented on the drum in a ran- 
domized order, and without the stimuli, at a 
2-sec. rate and 2-sec. interitem interval. On 
this trial the Ss were asked to name the 
stimulus that had been paired with the given 
response. Practice on List 2 was followed by a 
similar free recall period and an R-S trial 
involving List 2 responses. 

For the 15 control Ss (Group C), List 1 
performance was followed by a period of 
informal conversation for approximately the 
time (3 min.) required by the experimental 
Ss to complete the free recall and R-S tasks. 
"This group was included in the study to serve 
as a rough check on the possible effects that 
drawing S's attention to R-S learning might 
have on both S-R and R-S List 2 transfer. 
The free recall and R-S tasks for List 2 were 
administered to this group following practice 
on List 2. 

For both the experimental and control Ss 
a 1-min. rest break was given prior to practice 
on List 2. This break followed the R-S 
trial on List 1 for the experimental Ss and the 
conversation period for the control Ss. 


RESULTS AND DISCUSSION 
S-R Transfer Effects 


Transfer on List 2 was measured 
absolutely by the formula E — C and 
relatively by E — C/E +C (Mur- 
dock, 1957), where E is the number 
of correct responses made in the 10 
trials for the three pairs in the 
paradigm and C the number of 
correct responses for the three pairs 
in the C-D paradigm. The transfer 
effects for the C-B, A-C, and A-Br 
paradigms are summarized in Table 1. 
All three paradigms yielded significant 
negative transfer relative to the null 
value of zero transfer as measured 
absolutely or relatively? (see Table 1). 

? Following Murdock's (1958) rationale, 


t tests were used to evaluate statistical sig- 
nificance for percentage data. 


NEGATIVE TRANSFER IN R-S LEARNING 


Thus the present study replicated 
Twedt and Underwood's (1959) find- 
ing of a significant negative transfer 
effect with a C-B paradigm in a 
mixed list. Moreover, the magnitude 
of negative transfer was greatest in 
the A-Br paradigm, followed by the 
А-С and C.B paradigms, again re- 
plicating the findings obtained by 
Twedt and Underwood. 

One of the main problems of this 
Study concerned the covariation be- 
tween amount of R-S learning and the 
amount of transfer in the C-B para- 
digm. It was decided that the most 
Appropriate R-S measure for this 
Purpose is the R-S recall score for 

-B pairs on List 2. Although the 
Selection of this measure restricted 
the range of individual differences 
Scores ranging from 0 to 3), it was 
thought that this score would best 
reflect the conflict in R-S associations 
Postulated as a causal factor for 
Negative transfer in the paradigm. 
That is, low scores would conceivably 
indicate a large degree of competition 
between B-A and B-C associations; 
high scores would conceivably in- 
dicate a resolution of the competition 
With the B-C associations dominating. 

The obtained 7’s between these 

-S measures and transfer were Di 
(b < .10) for absolute transfer and 
35 (p < .01) for relative transfer. 
In both cases the positive correlation 
Indicated greater negative transfer 
With decreasing R-S score. This 
tendency is further illustrated by 
arbitrarily dichotomizing the Ss into 
a high R-S group on List 2 (scores 
of 3 and 2, n = 37) and a low group 
Scores of 1 and 0, ” = 23). For 
absolute transfer the means for the 
igh and low groups were —1.35 and 
—3.91, respectively (£ = 171, 
?« .10); for relative transfer the 
Corresponding means were —4.81% 
and — 22.69% (£ = 2.72, p < 01). 


TABLE 1 


SUMMARY STATISTICS FOR List 2 
S-R TRANSFER EFFECTS 


|j Absolute 


Relative 
Scores Scores 1 
Рага-! (E—C) (from |(E-C/E+C)| (from 
digm zero zero 
transfer) transfer) 
Mean | SD 


| Mean | SD | 


From the above results, it appears as 
if the presence of negative transfer in the 
C-B paradigm, relative to C-D, is a 
consequence of R-S learning, as implied 
by Twedt and Underwood. More gen- 
erally, the prediction of transfer effects 
within any paradigm needs to take into 
account the relationships between all 
associations, both S-R and R-S, within 
the two lists. Whenever response com- 
petition, either in the forward or back- 
ward direction, is present between ‘‘re- 
sponses” of the two lists, negative 
transfer is to be expected. In the A-C 
paradigm, competition occurs directly 
via S-R associations. In the C-B 
paradigm the competition is between S 
terms of List 1 with those of List 2 as 
responses to R terms common to both 
lists. As might be expected from the 
generally found smaller amount of R-S 
learning relative to S-R learning, the 
amount of negative transfer both in the 
Twedt and Underwood and present 
studies is greater in the A-C than in the 
C-B paradigm. As implied by Porter 
and Duncan (1953), the amount of 
negative transfer is especially great in 
the A-B, paradigm where both S-R and 
R-S competition occurs. The present 
study replicated previous ones by finding 
the greater amount of negative transfer 
with the latter paradigm. 


It is conceivable that the transfer 
effects noted above in the crucial 
C-B paradigm were influenced by the 
procedure involved in measuring R-S 
learning after List 1. In an attempt 
to evaluate the feasibility of this 
possible confounding effect, Group 
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TABLE 2 
SUMMARY STATISTICS FOR R-S RECALL 
Scores ON Lists 1 AND 2 


Difference Score 


List 1 List 2 (List 2 —List 1) 
Рага 
digm 
Mean | SD |Mean| SD | Mean | SD 
C-D |1.80 | .94 | 2.25 | .84 45 1.19 
С-В | 1.77 | .89 | 1.83 | .99 .06 113 
A-C | 2.03 | .86 | 2.03 | .88 0 .93 
A-Br | 2.00 | .90 | 1.43 | .98 | —.57 1.10 


C was compared with Group Il of 
the experimental Ss. These two 
groups were alike with respect to the 
content of the A-B and C-B pairs 
but differed with respect to R-S 
measurement after List 1. The mean 
relative transfer was —15.27% and 
—15.87% for Groups П and C, 
respectively. А / test did not permit 
rejection of the null hypothesis 
(t = .06). Thus, the presence of a 
List R-S measurement appeared to 
have little effect on negative transfer 
in the C-B paradigm. 


R-S Transfer Effects? 


Summary statistics for R-S recall 
Scores are presented in Table 2 as 
determined for both lists and all four 
paradigms. An analysis of variance 
indicated no significant difference 
between the paradigms on List 1 
—between paradigm MS = 1.11, error 
MS = .60; F(3,177) = 1.85, р> .10. 
However, an analysis of variance for 
List 2 yielded a significant paradigm 


3 Since R-S associations are measured by 
the presentation of the R term, only the 
R-S recall trial data are included in this report. 
The free recall of stimuli was included in this 
study for a secondary purpose, unrelated to 
transfer effects. Actually, free recall and 
R-S trial recall, as indices of stimulus learning, 
indicated considerable agreement. For List 1 
the means were 7.40 and 7.60, with an r of .56 
(p < .01) between the measures; for List 2 
the means were 7.60 and 7.54, with an r of 
.37 (p < .01). 
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effect—between paradigm MS = 7.24, 
error MS — .63; F(3,177) — 11.49, 
p «.001. Separate £ tests (with the 
error MS as the estimate of population 
variance) revealed significantly less 
List 2 recall for both C-B and A-Br 
pairs as compared to C-D pairs (/'s 
of 3.00 and 5.86) and significantly 
less A-Br recall than either C-B or 
A-C (ts of 2.86 and 4.29). 

In addition, an absolute transfer 
Score was obtained for each S in each 
paradigm by subtracting his List 1 
R-S score from his List 2score. Sum- 
mary statistics for the four paradigms 
on this score are given in Table 2. 
From Table 2 it is apparent that R-S 
recall increased for the C-D paradigm 
on List 2. A ¢ test indicated that this 
increase departed significantly from 
the null value (t = 2.87, p < .01). 
For the А-Вг paradigm, however, 
List 2 recall was significantly less than 
List 1 (1 = 407, p < .01). For the 
C-B and A-C paradigms the difference 
in recall between the two lists was 
obviously not significant. 

An analysis of R-S scores on List 2 
for Group C revealed a paradigm 
effect generally comparable to that 
found for the main body of experi- 
mental Ss on List 2. The means were 
2.13, 1.80, 1.27, and .80 for the C-D, 
C-B, A-C, and A-Br paradigms, 
respectively, with the overall effect 
being significant as determined by 
analysis of variance—between para- 
digm MS = 5.18, error MS = .58; 
F(3,42) = 8.93, p < .001. Again 
C-D yielded the greatest and A-Br 
the least amount of List 2 R-S recall. 
However, the C-B and A-C para- 
digms were reversed in order relative 
to the experimental Ss. 


In general, the R-S data suggest that 
R-S learning is susceptible to a learning- 
how-to-learn positive transfer effect 
much like that for S-R learning. The 
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positive transfer from List 1 to List 2 is 
most apparent in the A-B, C-D para- 
digm where neither S-R not R-S associa- 
tions from the two lists interfere with one 
another. As the interference increases, 
the amount of positive transfer would be 
expected to decrease. Generalizing from 
the present results, the interference is 
greatest in the A-Br paradigm where 
Competing associations are present during 
the learning of List 2 for both S-R and 
R-S components. In fact, the negative 
effect from these competing associations 
Seems to be significantly greater than the 
learning-how-to-learn transfer. For the 
remaining paradigms, the positive and 
Negative transfer effects appear to be 
Approximately equal, with zero transfer 
85 the resultant. 
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RESISTANCE TO EXTINCTION AS A FUNCTION OF 


TEMPORAL RELATIONS DURING SENSORY 
PRECONDITIONING ! 


DELOS D. WICKENS 
Ohio State University 


AND HENRY A. CROSS 


Oklahoma State University 


This experiment investigated the effect of interstimulus interval within 
the range of 0 to 600 msec. in sensory preconditioning. The basic design 
was: 10 preconditioning trials to light and tone; GSR conditioning to 
light with shock UCS for 10 trials; 4 tests to tone. 4 groups of 20 Ss were 
used in different tone-light interstimulus intervals during precondition- 
ing. The interval differences were 0, 100, 400, and 600 msec., tone 


preceding light. 


The groups differed significantly in response strength 


during the tests to the tone, with order of response magnitude from 
lowest to highest being 600, 0, 100, and 400; an order similar to that 
found in interstimulus interval curves in ordinary conditioning and in 


elements of a compound CS. 


In an experiment by Wickens, Geh- 
man, and Sullivan (1959) it was found 
that the long element of a stimulus 
compound acquires response strength 
according to temporal onset differ- 
ences between the two elements that 
are generally congruent with previ- 
ously reported researches investigat- 
ing conditioning to a single stimulus, 
(Moeller, 1954; White & Schlosberg, 
1952). The experiment indicated 
that the longer element of the com- 
pound stimulus showed an increased 
amount of response strength as its 
precedence time prior to the shorter 
stimulus—which always preceded the 
UCS by 500 msec.—increased from 
100 msec. to 420 msec., but showed a 
decrement for a precedence time of 
540 msec. 

In interpreting this result it was 
assumed that some kind of sensory 
conditioning between the two condi- 
tioned stimulus elements had oc- 
curred. It was impossible to deter- 
mine from that experiment whether 
the sensory conditioning arose from 
the fact that the shorter stimulus 


1 This research was supported in part by a 
grant, G6203, from the National Science 


Foundation. 


had acquired a secondary reinforcing 
characteristic from the UCS or 
whether it was a direct consequence 
of pairing the two conditioned stimuli. 

In the present experiment the sen- 
sory preconditioning paradigm (Brog- 
den, 1939) was employed, the inde- 
pendent variable being the time by 
which onset of one stimulus preceded 
the other in the preconditioning 
period. Although others have shown 
that time relations are important 
in sensory preconditioning (Hoffeld, 
Thompson, & Brogden, 1958; Silver 
& Meyer, 1954) the particular time 
relations used in the present experi- 
ment were chosen to conform with the 
above mentioned findings by Wickens, 
Gehman, and Sullivan (1959). The 
time values employed in this experi- 
ment are, therefore, quite different 
from those used in the other re- 
searches. 


METHOD 


Subjects.—A total of 80 men and women 
from an introductory course in psychology 
at the Ohio State University were used in the 
final analysis. Six Ss were discarded because 
of failure to adapt to the stimuli during the 
preconditioning stage of the experiment. One 
S was discarded because of an unusually high 
resistance level. 
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Apparatus —The time relationships be- 
tween the stimuli were controlled by an 
arrangement of wave-form generators (Type 
162), pulse generators (Type 163), and a 
Power supply (Type 160A) obtained from 
Tektronix, Incorporated. The error in this 
equipment is less than 1 msec. The shock 
was produced by a dc power supply. One 
Stimulus was a 1000-cps tone at approximately 
40 db. re .0002 dyne/cm?, produced by а 
Jackson oscillator and fed into earphones. 
The other stimulus was the illuminating ofa 
2-w. light behind a ruby panel glass located 
at eye level and about 4 ft. directly in front 
of S. Shock electrodes were fastened to the 
right hand. The GSR response was measured 
by means of a Fels dermohmmeter. This 
instrument permits measurement of the S's 
resistance value at any moment in time. 

he recording electrodes were attached to the 
Palm and back of the left hand. Ап electrode 
jelly composed of bacto-agar and zinc sulphate 
Was used between the hand and the zinc 
electrodes, . 

The S sat in a dental chair in a semi- 
Soundproof room 8 X 12 ft. with a ceiling 
Of 8 ft. It was dimly illuminated by а small 

eneral Electric night light which was totally 
eclipsed by its adjustable plastic covering. 
The light was almost directly over the S's 
head, A black curtain which hung from the 
Ceiling formed a semicircle around S's chair 
restricting his view of the rest of the room. 

The stimulus-producing and recording 
equipment operated by E was located in an 
adjoining room. 1 

Procedure.—The S was brought into the 
*Xperimental room, seated in the chair, and 
after the attachment of the recording elec- 
trodes (left hand) and shock electrodes (right 

and) was given directions. He was told 
that he was participating in à conditioning 
experiment and that in order to familiarize 

im with the stimuli he would first be given 
three mild electric shocks followed by several 
Paired presentations of a tone and a light. 
After this the conditioning proper would start. 

uring this time one of the previous stimuli 
(tone or light) would be paired with a mild 
electric shock to the right hand. The S was 
Not told that on some later trials a stimulus 
Would not be followed by shock. 

After giving the instructions, E placed the 
earphones on 5 and left the room but did not 
Close the door. The S was then warned to 
expect a shock. After the shock he was 
Questioned as to its intensity and told that he 
Would receive another one of slightly greater 
intensity, After this shock he was told that 
the next shock would be like the one actually 
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employed in the experiment, namely 1.0 ma. 
The door to S's room was then closed and the 
experimental procedure begun. 

The procedure was the same for all groups 
except for time intervals between the two 
stimuli in the sensory preconditioning period, 
and was as follows: 

1. Sensory preconditioning. Ten paired 
presentations of the light and tone were 
delivered. In all groups the light lasted 600 
msec.; the duration of the tone prior to the 
onset of the light was the independent variable 
of the experiment. Four groups of 20 Ss each, 
which differed with respect to the time 
interval variable, were run. In Group 1 the 
tone and light came on simultaneously. In 
Groups 2, 3, and 4 the precedence of the tone 
over the light was, respectively, 100, 400, and 
600 msec. The tone and light terminated 
together so that the duration of the tone for 
the four groups was 600, 700, 1000, and 1200 
msec. The intertrial interval varied in a 
prearranged random order with values of 30, 
45, and 60 sec., having a mean interval of 
42 sec. 

2. Conditioning. The light, the second 
stimulus of the preconditioning session, was 
the conditioned stimulus for all groups. It 
lasted for 600 msec., and was followed by the 
shock 500 msec. after its onset. The two 
stimuli terminated together. The shock level 
was increased slightly and by nearly equal 
steps during the first 7 trials. The value on 
the first trial was 1.0 ma. and it reached 2.0 
ma. on Trial 7. Intertrial intervals varied as 
in the sensory preconditioning period al- 
though a different random pattern was 
employed. A total of 10 reinforced trials was 
given. 

3. Sensory preconditioning test. In the 
test stage of the experiment the tone alone was 
presented four times, and the intertrial 
intervals were the same as those employed 
during the first four preconditioning trials. 

Response measure.—The resistance level 
was obtained at the time the CS was begun, 
and another reading was taken of the mini- 
mum value of the resistance immediately 
following the stimulation. Each of these 
values, obtained in ohms, was converted to a 
reciprocal and the difference between the two 
was obtained. This value was in turn 
multiplied by 107 and converted to a log 
score. The resistance values were read from 
a meter by E to units of 200 ohms. 


RESULTS 


Figure 1 shows the extinction curves 
of the four groups. It will be seen 
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Fic. 1. Mean response magnitude for all 
groups during the four extinction trials. 


that on Extinction Trial 1 the groups 
are quite similar in their response 
magnitudes. The Ss were not 
warned of a test sequence to occur 
after the conditioning, and the cluster- 
ing of all groups might be attributed 
to an alerting or perceptual disparity 
effect (Grings, 1960). By Trial 2, 
however, the groups arranged them- 
selves as predicted and this was even 
more evident in Trial 3. By Trial 4 
the differences lessened, presumably 
as a consequence of extinction. 

An analysis of variance test suitable 
for repeated measures on the same Ss 
(Edwards, 1956) was done and results 
are summarized in Table 1. 


LOG MICROMHOS 
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Fic. 2. Mean response magnitude as a 
function of interstimulus interval during the 
sensory preconditioning period. 
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It will be seen that the F (between 
trials) was significant (p « .01), in- 
dicating that extinction did indeed 
take place. Further, the groups gave 
responses of different magnitudes as 
indicated by the significant (p « .05) 
F for between groups. The F for 
interaction (Trials X Groups) was not 
significant. 

Under the assumption that the 
Trial 1 data could be disregarded for 
the reason mentioned above, a single 
classification analysis of variance was 
done for Trials 2, 3, and 4 individually. 
Trials 2 and 3 both yielded significant 
(p < .05) Fs, but Trial 4 proved to be 
nonsignificant. For Trials 2 and 3 £ 


TABLE 1 


ANALYSIS OF VARIANCE FoR EXTINCTION 
Data (TRIALS 1-4) 


Source SS [47| MS Е 
Between groups 16.2649| 3| 5.4216| 2.86* 
Between Ss in groups |143,8439 | 76 | 1.8927 


Total between groups [160.1088 | 79 
Between trials 


t 32.8637 | з |10.8637|32.14** 
Trials X Groups 5.2515] 9| 5835| 1.71 
Pooled Ss X Trials | 77:7238 |228] 3109 
Total within Ss 115.8390 |240 

Total 275.9478 |319 

*p < .05 

**» < 101 


tests were computed. The mean 
scores for the various groups are 
represented in Fig. 2 which also in- 
cludes the data for the combined 
Trials 2 and 3 of the Wickens, Geh- 
man, and Sullivan (1959) study. 

For Trial 2, two /'s were significant. 
Group 1 was significantly greater 
(b < .05) in response magnitude than 
was Group 4, as was Group 3 
(p < .01). Group 2 also came near 
(P < .10) to establishing its superior- 
ity over Group 4. For Trial 3, Group 
1 was inferior to 3 (р < .05); while 
Groups 2 and 3 were superior to 4 at 
the .05 and .01 levels, respectively. 
In summary, Group 4 is rather con- 
sistently inferior to any of the other 
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groups while Group 3 tends to excell 
the other groups. The fact that 
a significant difference among the 
groups was not found on Trial 4 is not 
particularly surprising since the proc- 
ess of extinction would be expected to 
Suppress and eventually equalize the 
performance level of all the groups. 


DiscussION 


It has been suggested that, since the 
experiment was begun with three shocks, 
Some form of pseudoconditioning might 
be responsible for the differential in 
Tesponse magnitude among the groups in 
the postconditioning period. Therefore, 
two analysis of variance tests were con- 
ducted on the preconditioning data, a 

rials X Groups analysis over the first 
Our trials and also of the mean of the 
responses to Trials 9 and 10. The first 
analysis was chosen because it parallels 
the analysis used in the postconditioning, 
and the second because it is a measure of 
response strength to the conditioned 
Stimuli just before conditioning. For the 
first analysis for trials F(2, 152) = 9.74 
Which is significant at the .001 level. 

Nspection of the data indicates that this 

Was due to a reduction in response 
Magnitude with successive trials. How- 
ver, the F for the interaction between 
Sroups and trials was -48 and that for 
groups was .79 and thus there is no 
Evidence that the groups responded 

ifferentially at this time. The analysis 
for the mean of Trials 9 and 10 produced 
ап F of .74, and again offers no evidence 
of difference in responsiveness among the 
Stoups at this time. | 

"There is, therefore, no evidence in the 
data that either the initial shock testing 
Dor the differences in temporal intervals 
*mployed during the preconditioning 

irectly produced the differences in 

magnitude obtained following the 
Conditioning period. The alternate inter- 
Pretation is that for the most part the 
Tesponse to the tone alone in post- 
Conditioning was a consequence of the 
interpolated conditioning period to the 
ight plus the effects of the sensory 
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preconditioning.? The disparity in re- 
sponse magnitude among the groups is 
assumed to be a reflection of a differ- 
ential in effectiveness in sensory condi- 
tioning resulting from the interstimulus 
interval variable. 

The experiment was undertaken pri- 
marily to determine whether the tem- 
poral parameter in sensory precondition- 
ing would effect performance in a manner 
similar to its effect upon the elements of 
a compound stimulus. The results for 
the means score on Trials 2 and 3 in the 
Wickens, Gehman, and Sullivan study are 
presented in Fig. 2. In that experiment 
the group with a zero time difference was 
disregarded, and a curve was fitted to the 
data. This curve was complex, but it 
indicated that conditioning should be 
highly effective at the 400-msec. interval, 
poor at the 600-msec., and intermediate 
for the 100-msec. interval. It was on the 
basis of these findings that the time 
intervals for the various groups of the 
present experiment were chosen. The 
results of the present experiment conform 
closely to this prediction; the statistical 
analysis especially emphasizes the su- 
periority of the 400-msec. group and the 
strikingly inferior performance of the 
600-msec. group. 

In view of the similar effect of time in 
these two experiments, one of which 
employed a sensory preconditioning de- 
sign and the other an experiment in 
which the two conditioned stimuli were 
present at the time the UCS (reinforce- 
ment) occurred, it would seem justifiable 
to conclude that the occurrence of a 
reinforcement is not a necessary condi- 
tion for establishing the effectiveness of 
the individual components of a com- 
pound stimulus. 


? Since no control group was employed in 
this experiment, it is impossible to determine 
how much of the response magnitude is 
attributable to the sensory conditioning 
process itself rather than to other factors. 
'The failure to include a control group was 
based upon the assumption that the phe- 
nomenon is well established and the fact 
that the experiment is concerned with 
relative differences in magnitude of sensory 
preconditioning effects rather than absolute 
amount. 
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This statement emphasizes the im- 
portance of the relationship of the two 
conditioned stimuli to each other rather 
than their individual relationship to the 
reinforcement. Actually there is some 
evidence at the molecular level that such 
relationships can be established. Thus 
Morrell and Jasper (1956) have shown 
that the cortical response to a visual 
stimulus may be elicited by a tone with 
which the light has been paired. The 
sensory preconditioning experiment 
simply adds a vehicle by means of which 
this association can be identified at a 
molar level. 

Two other experiments have dealt 
specifically with time relations in sensory 
preconditioning, (Hoffeld et al., 1958; 
Silver & Meyer, 1954) and each of them 
has found the temporal variable to be 
effective. Silver and Meyer demon- 
strated that a forward order was superior 
to a simultaneous or backward order. 
Hoffeld, Thompson, and Brogden used 
five different values of a forward order, 
ranging from 0 to 4000 msec. Statistical 
analysis of their data indicated that 
their results could be described by an 
equation containing a quadratic as well 
аз а linear term. This equation predicts 
a decrease in response magnitude from 
simultaneity out to about 560 msec. with 
progressive increases in response strength 
for the longer time intervals. If the 0- 
and the 560-msec. points were connected 
for the data of the present experiment a 
downward slope similar to the early 
portion of the Hoffeld, Thompson, and 
Brogden curve would be obtained. 
Therefore, despite differences in the type 
of S and technique, there seems to be an 
essential agreement between these two 
points in these two experiments. Since 
Hoffeld, Thompson, and Brogden in- 
cluded no groups between 0 and 500 
msec., their experiment gives no in- 
formation about the form of the curve 
within this interval. The data of the 
present experiment and the previous one 
using a compound stimulus indicates 
that the curve between these intervals 
is not monotonic. On the contrary, a 
quadratic term would be required to 
describe the trend of the data within the 
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short span of 600 msec. In general this 
curve shows a form which is generally 
similar to that found in the studies of 
interstimulus intervals for ordinary con- 
ditioning (Kimble, 1947; Moeller, 1954; 
Reynolds, 1945; White & Schlosberg, 
1952). 

There is one contrast between the 
results of this study and that of the 
Wickens, Gehman, and Sullivan (1959) 
study which should be discussed. This 
deals with the performance of Group 1. 
In the present study it is slightly inferior 
to the 100- and 400-msec. groups whereas 
it was superior to all the groups in the 
previous study. Actually this result is 
to be expected, for in the study on the 
stimulus compound, the zero interval 
group is one for which both stimuli come 
on simultaneous 500 msec. before the 
UCS. It would be expected, therefore, 
that they could operate independently 
of each other and acquire their individual 
response strengths as a function of their 
individual relationship to the UCS. In 
the sensory preconditioning design, how- 
ever, one stimulus is never paired with 
the UCS, so its response strength must be 
mediated by its association with the 
other stimulus. It would be expected 
that the zero time interval would be 
relatively ineffective, and such proved to 
be the case. 
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An earlier study of operant conditioni 


2 groups of 15 Ss were run in a totall 
the Contingent (C) 
GSRs for 16 min., 


ng of the GSR was replicated. 


y dark room. After a 10-min. rest, 


group received a dim light following unelicited 
then 10 min. of extinction. The 
group received the same number of lights per min. du 


Noncontingent (N) 
iring reinforcement, 


when no GSRs were occurring. The dependent variable was the per- 


centage of responses per min., using 


rest as a baseline. Group C emitted signifi 


reinforcement and extinction th 
converged during extinction (p 


AS 
unelicited GSR can be conditione 


d ir 


Fowler and Kimmel (1962) have recently 
shown that the unelicited GSR can be con- 
ditioned instrumentally. Their findings are 
of sufficient theoretical significance that 
replication of their basic conditions in a new 
sample of Ss is all but mandatory. The 
present study was done for this purpose. 

Method.—The procedures of the two 
studies were identical except as follows: (a) 
The rest period prior to reinforcement was 
increased from 2 to 10 min., the last 5 of 
which were used as a basis for computing 
measures of percent response frequency. 
(b) The extinction period was lengthened from 
4to10 min. (c) Two groups, instead of four, 
were run. Each contained 15 Ss, matched as 
before with respect to the number of rein- 
forcements per min. and, in addition, matched 
for sex. The two groups corresponded to the 
16-min. Contingent and Noncontingent 
groups of the earlier study. (d) Due to the 
reduction in GSR amplitude occasioned by 
the use of a longer rest period initially, the 
criterion for reinforcing and counting un- 
elicited GSRs was modified to include all 
responses detectable by the naked eye. 
Since these judgments were made “оп the 
fly" during the reinforcement period for the 
Contingent group, a similar procedure was 
used for the Noncontingent group during 
reinforcement, E using a switch for counting 
purposes. (e) Responses occurring within 
3 sec. following the reinforcement were not 
counted. In the earlier study, a 5-sec. 
"grace" period was used. (f) Ten Ss were 
rejected due to E or equipment malfunction 


! Based upon a Master of Arts thesis at the Uni- 
versity of Florida. Partial support came from Grant 
NIH-M-6060. 
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an Group N (p <.01). 


the average of the last 5 min. of 
cantly more responses during 
The groups 
It was concluded that the 
istrumentally. 


05). 


ог for admissions of failure to follow in- 
structions (moving, closing the eyes, etc.). 
These Ss were approximately equally dis- 
tributed between the two conditions (бапа 4). 
(g) The duration of the visual reinforcing 
stimulus was reduced to 0.1 sec. but its other 
physical properties were approximately the 
same as those described in the earlier report 
(Le. a {-їп. square dim white light about 
30 in. from S's face) (Fowler & Kimmel, 
1962). 

Results.—Figure 1 shows 
percentages of transformed 
quency during reinforcement 
in 2-min. blocks. The figure indicates that 
the two groups separated at the first 2-min. 
point and remained apart thereafter. The 
Contingent group responded above the 100% 
level throughout. The overall difference 
between the two conditions during reinforce- 
ment was highly significant, F(1, 28) = 8.99. 
No interaction between Contingency and 
Minutes was observed. Analysis of the ex- 
tinction data showed that both the Con- 
tingency and the Contingency X Minutes 
effects were significant, F(1, 28) = 5.51 and 
F(4, 112) = 2.69, 

Discussion.—The results confirm and 
strengthen the conclusion that the GSR can 
be conditioned instrumentally. Lengthening 
the initial rest period had the desired effect 
of making the difference between conditions 
more pronounced than in the earlier study 
and, in addition, raising the Contingent group 
above 100%. Increasing the extinction 
period made it possible for the interaction 
between Contingency and Minutes to reach 
significance, as well as emphasizing the up- 
ward trend in the Noncontingent group. 


the average 
response fre- 
and extinction, 
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Taken together, the two studies provide 
Strong evidence that autonomically mediated 
Tesponses can be conditioned instrumentally. 

The postexperimental interview was used 
to ensure that only data from Ss who were 
unable to verbalize "awareness" of the con- 
tingency of reinforcement upon “something 
they might have done" would be employed. 

hile it is true that some Ss may have been 
making a somatically mediated response 
about which they could not verbalize, the 
likelihood of this possibility is attenuated 
Somewhat by the results of the Noncontingent 
group. Here the Ss would have had to learn 
to not make some somatically mediated 
response during training and, then, during 
extinction, to extinguish this tendency to not 
respond. It would undoubtedly be of value 
to obtain simultaneous records of several 
Somatically mediated responses to determine 
whether the occurrence of any were correlated 
With the occurrence of the unelicited GSR. 
We are able, at present, to rule out only 
Movement of the hand holding the GSR 
electrodes, since the observed responses are in 
no way qualitatively similar to such “motor 
artifacts,” It would appear that the burden 
9f (negative) proof is on those who suspect 
Some somatically mediated reaction or other, 
Since our conclusion that autonomically 
Mediated responses can be conditioned in- 
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Fic, 1. Percentage of transformed response fre- 
quencies during 16 min. of reinforcement and 10 min. 
of extinction, in 2-min. blocks. 


strumentally can be challenged on the basis 
of an almost infinite number of possible 
somatic mediators. 
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EFFECT OF RUN LENGTH ON THE "GAMBLER'S FALLACY”: 


PETER L. DERKS 
College of William and Mary 


Event schedules with short, lon: 
75:25 event proportions were pi 
runs resulted in 1 
positive recency after 100 trials. 
ators have found that the 
Successive occurrence of an event increases 
then decreases the probability that Ss will 
Predict that event. This phenomenon has 
been called the "gambler's fallacy” or nega- 
Ive recency. 


Several investig: 


ted in part by Grant 
iliam and Mary and 
t M-5193 (A) 


x ‘This research was suppor 
12158 from the College of W. 
ublic Health Service Research Gran 


from the National Institute of Mental Health. The 
WMithor wishes to thank Louis Gurnee Blanchard and 
d data 


titty Ingles for their aid in experimentation an 
2bulation, 


negative recency. 


g, and extra long event runs but with 
redicted by 3 groups of 20 Ss. 


Short 
Both long run groups showed 


There is intuitive justification for this 
gambler’s fallacy. For example, in a finite n 
element series with a subpopulation of A 
with A = 3/4 n (75:25 schedule) the median 
run length of A is 3. When A occurs once or 
twice in succession it will occur again more 
than half the time while less than half the 
A runs are greater than 3. The proportion of 
A predictions on a 75:25 schedule has been 
found to reach a maximum after three 
successive A occurrences and then decreases. 

However, other experimenters report that 


100 Et 100 x--- x 
g —a and 100 o— —o 
i Ben зга 100 &——4. 


] 


(0) ! 2 3 4 5 
K 


Fic. 1. Te as a function of k, vertical bar = 2 
estimated SD 29 Ту. (See Derks, 1962, for estimation 
of SD.) 


the probability of prediction of an event 
continues to increase with its occurrence. 
One reason for this disparity is the difference 
in the length of the experiments. As Ss 
continue to predict the schedule negative 
recency becomes positive recency (Derks, 
1962; Edwards, 1961; Lindman & Edwards, 
1961). 

Event run length also seems to be an 
important factor. In this experiment .Ss 
predicted 75:25 schedules of different run 
lengths. The progressive effect of these 
different schedules on the gambler's fallacy 
was examined. 

Method.—The binary events were non- 
sense syllables ZEJ and zoj (Davidson, Suppes, 
& Siegel, 1957) typed on 3 X 5 in. cards. 
There were 300 cards in the deck with 225 
ZEJ. Short run (SR), long run (LR), and 
extra long run (ELR)? event schedules were 


2 Group ELR was suggested by Stanley Williams. 
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constructed in 75:25 proportion. ‘The run 
length distribution was maintained for each 
of three 100-trial blocks, but the run length 
order was random. Schedule SR had no A 
runs of greater than 5. Schedule LR had A 
runs from 2 to 11 with no single A events. 
Schedule ELR had no A runs of less than 5 
with median run lengths 6 and 7. 

Sixty undergraduates at the College of 
William and Mary served as Ss. There were 
three groups of 20 Ss with each S tested on 
only one schedule. The S was instructed to 
predict whether each successive card was 
ЖЕ] or ZOJ, and to try to be correct as often as 
possible. The E recorded the responses and 
5S looked at the syllable on the card. The 
experiment ended when S had predicted and 
scen all 300 cards. 

Resulls.—'The prediction of A runs was 
examined by T, as described in an earlier 
study (Derks, 1962). A sample of five 
occasions on which A occurred five times in 
succession was selected for each 100-trial 
block of each schedule. The A predictions 
were summated for each successive occur- 
rence of A (k) for each group. Figure 1 gives 
Т, as a function of k for the three successive 
100-trial blocks of the three schedules. 

Schedule SR resulted in negative recency- 
The LR and ELR schedules produced positive 
recency after the first 100 trials. 'Thus event 
run length is an important determiner of the 
fine grain of human binary prediction. 

The progressive alteration of the gambler's 
fallacy occurs relatively early for long runs. 
The increase in prediction of A after it has 
appeared four and five times in succession 
occurs prior to Trial 200 for the LR and ELR 
Schedules. Changes in prediction of short 
runs of events apparently take much longer. 
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TWO METHODS FOR TESTING SERIAL MEMORIZATION ! 


NANCY C. WAUGH 


Harvard University 


The learning curve obtained with the method of serial recall (alternate 
viewing and recall of an entire list) is compared with that obtained with 


the classical method of anticipation. | 
Each can be interpreted to represent а cumulation of 
in accordance with the results of previous 


identical slopes. 
memory spans over trials, 
studies. 


The curve for serial learning has been 
found to be rectilinear (Waugh, 1961) when S 
alternately views an entire series and attempts 
to reproduce it? Unlike the traditional 
method of anticipation, this procedure has the 
Practical advantage of being suited to group 
experiments, It is possible, however, that the 
two methods elicit from 5 different strategies 
and hence different rates of learning. 

With the method of serial recall, 5 is not 
Tequired to associate each item with its 
Predecessor on every trial. Instead, he can 
rehearse a fixed number of new items and 
ignore the rest each time he goes through a 
list. The linear learning curve would then 
represent this fixed number of items multiplied 
Dy the number of trials. When recall is 
tested by the method of anticipation, on the 
Other hand, we assume that S pays equal 
attention to every item on every trial, since 
Attempting to recall one item on cue would 
Presumably preclude rehearsing another. 
Must 5 therefore partially learn many items, 
rather than completely memorizing a few, on 
Sach trial? Will his learning curve accord- 
ingly fail to be linear? The purpose of this 
Study was to determine whether the two 
Methods, serial recall and anticipation, do 
result in different kinds of learning functions. 

Method.—Four Ss, paid volunteers, each 
earned 20 lists of 60 monosyllabic English 
Words, to give a total of 80 S lists. The con- 
Struction of these lists has been described 
*lsewhere (Waugh, 1961). Ten of them were 
reproduced by the method of anticipation, 
While the other 10 were reproduced by the 
Method of serial recall. Each was exposed and 
recalled for six trials. Every S saw the lists in 
a different random order, over the course of 
ive individual experimental sessions. 


th ! This investigation was supported by a grant from 
ће Carnegie Corporation of New York for the Harvard 
Senter for Cognitive Studies. David Otto and Peter 
tephenson gathered the data and helped analyze them. 
me; М5 procedure, which has been described as a 
119016еа method of complete presentation (Waugh. 
961), will be referred to here as the method of serial 
Tecall, 


Both are rectilinear with almost 


The words, which were typewritten on 
index cards, were shown one at a time through 
a window in a screen that separated E and S. 
When learning was by the method of an- 
ticipation (Cond. A), each word was shown 
for 2 sec. and was followed by a blank interval 
of 2sec. The S pronounced the word out loud 
when it was exposed and then attempted to 
anticipate the next word during the blank 
interval. Under the method of serial recall 
(Cond. R), the words were exposed in im- 
mediate succession, each for 2 sec. The S 
was again required to read each word aloud. 
At the end of a series, he was given 2 min. 
in which to recall the series orally. The total 
time allowed for the exposure and recall of a 
list was therefore 4 min. per trial under each 
condition (4 sec. for each of 60 words). 
There was a 4-sec. interval between trials. 

Results.—The S’s responses on each trial 
under Cond. A were scored in terms of 
the number of words correctly anticipated. 
Under Cond. R, the responses were scored in 
terms of the number of successive pairs of 
words correctly recalled on each trial, regard- 
less of absolute serial position. А word was 
therefore considered to have been recalled 
correctly if the response which came before 
it was the word which actually preceded it in 
thelist. For example, if the sequence ABCDE 
was presented and S’s response was DEABC, 
he was said to have recalled three pairs: DE, 
AB, and BC. 

The group learning curves based on these 
scores are shown in Fig. 1. The upper set of 
points represents the mean number of words 
correctly anticipated under Cond. A, esti- 
mated across Ss and lists (N = 40).2 The 
lower set represents the corresponding mean 
number of pairs recalled correctly under 
Cond. R, trial by trial. The lines fitted to 
these points by a method of least squares are 
N = .6 + 8.3 T for Cond. A and N = — 3.8 
+ 8.2 T for Cond. К, where N is the number 

з The value shown for Т = 6 is a median rather than 
a mean, since the distribution of scores on this trial was 
noticeably skewed. 
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FiG.1. Learning curves obtained under the methods 
of anticipation (open circles) and serial recall (closed 
circles). 


of words recalled and T is the number of trials, 

The deviations of each set of data from its 
fitted function were tested for significance by 
an analysis of variance of the mean recall 
scores obtained by each .S on each trial. 
When the MS for deviations from linear 
regression was tested against the within-trials 
MS, the resulting F was less than unity, for 
both Cond. A and R. The variance of the 
scores, therefore, is in both cases largely ac- 
counted for by their linear regression on trials. 
We accordingly have no grounds for rejecting 
the hypothesis that both learning curves are 
rectilinear. 

Note that the null hypothesis that was 
tested states simply that the learning curves 
are rectilinear, not that they are identical. 
"There was no reason to assume beforehand 
that they would have the same slope or 
intercept. We might in fact suppose that 
recall would be easier under Cond. A than 
under Cond. R, since S is provided with overt 
cues in the former case but not in the latter. 
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This appears to be true only on Trial 1. The 
number of items recalled on that trial is about 
8.5 under Cond. A and about 4.5 under 
Cond. R. (This disparity may actually 
reflect the different scoring procedures fol- 
lowed with the two sets of data.) On each 
subsequent trial, there is an increment of 
about eight pairs under either condition. If 
we assume that a pair is seldom forgotten 
once it has been recalled, then this constant 
increment of $ represents the number of new 
pairs learned per trial. The data shown in 
Fig. 1 are thus consistent with the hypothesis 
(Waugh, 1962) that only a memory span's 
worth of items can be learned within a given 
interval of time, and that the linear learning 
curve simply represents the summation of 
spans over trials. 

The hypothesis was put forth that the 
method of serial recall perhaps allows S to 
attend to just a few items on each trial, while 
the method of anticipation may require him 
to rehearse all of the items in the list. Since 
we find that lists are learned at about the 
same rate under either method, the hy- 
pothesis may be incorrect: S may in fact 
rehearse selectively under both Cond. A and 
R, or he may rehearse uniformly in both 
cases. Or he may rehearse selectively under 
the one method and uniformly under the 
other, without its making any difference. 
In order to choose among these hypotheses, 
we shall have to discover either how to 
regulate S's attention, or how to determine 
what he is rehearsing. 
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EFFECTS OF TASK COMPLEXITY AND TASK ORGANI- 


ZATION ON THE 


RELATIVE EFFICIENCY OF 


PART AND WHOLE TRAINING 
METHODS! 


JAMES C. NAYLOR anp GEORGE E. BRIGGS 


Ohio State University 


Task complexity (2 levels), task organization (independence of task 


dimensions—2 level 
part) were combine 


of skill in a Markov prediction task. 


Js), and training method (whole vs. progressive- 
d factorially in an 8-group transfer of training study 


A hypothesized interaction of the 


3 independent variables was supported by the data, thus suggesting 


the following training principle: 


(integrated) task, a whole- 
part schedule 
unorganized task (all task. 
task complexity will result in 
superior to whole training. 


In an attempt to resolve much of 
the confusion in previous studies on 
Part vs, whole training methods, 

aylor (1962) has suggested а task 
taxonomy by which to systematically 

Categorize several task parameters аз 
eterminants of method effectiveness. 
he basic structure of the taxonomy 
States that task difficulty, а5 defined 
Y the relative performance levels of 


l'This research was carried out in the 
Laboratory of Aviation Psychology and was 
Supported by the United States Navy under 
Ontract No. N61339-950, sponsored by the 
nited States Naval Training Device Center. 
?rmission is granted for reproduction, 
wenslation, publication, use, and disposal in 
Yhole or in part for any purpose of the United 
tes Government. 


for a relatively highly organized 
task training method should be superior to a 
at all levels of task complexity ; however, for a relatively 
k dimensions independent), an increase in 
a part-task training schedule becoming 


S, is a function of both task com- 
plexity and task organization. Task 
complexity is defined as the demands 
placed on S’s information-processing 
and/or memory-storage capacities by 
each of the task dimensions in- 
dependently, while task organization 
refers to the demands imposed on S 
due to the nature of the interrelation- 
ship existing among the several task 
dimensions. 

It is interesting to note that whereas 
an increase in task complexity usually 
results in an increase in task difficulty, 
an increase in task organization can 
either increase or decrease task diffi- 
culty, depending upon the nature of 
the interrelationships used to define 
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task organization. For example, 
Briggs and Waters (1958) mani- 
pulated task organization by varying 
the degree of interaction present in a 
two-dimensional tracking task, and 
they found increased task difficulty as 
task organization (the amount of 
interaction) was increased; however, 
in most verbal learning tasks the 
presence of relationships between 
dimensions usually results in a de- 
crease in task difficulty (Lyon, 1914; 
McGeoch, 1930). 

In his article Naylor (1962) sug- 
gests that training method effective- 
ness should be related to both task 
organization and task complexity, 
plus he hypothesizes a possible inter- 
action between the two variables. A 
recent evaluation of the effect of task 
complexity on method efficiency 
(Briggs & Naylor, 1962) obtained re- 
sults which failed to either directly 
support or deny the relationship. 
Since Naylor's interaction hypothesis 
would appear to be the most critical 
relationship, Briggs and Naylor have 
suggested that this may have caused 
the ambiguity found in the study 
evaluating task complexity alone. 

The present study was designed as 
a test of the Naylor interaction hy- 
pothesis: there should be an inter- 
action between task complexity, task 
organization, and training methods 
such that (a) for tasks of relatively 
high organization as task complexity 
is increased, whole-task training 
should become relatively more effi- 
cient than the part-task methods ; 
however, (b) for tasks of relatively low 
organization (all task dimensions 
being independent) an increase in task 
complexity should result in a part-task 
method becoming superior to the 
whole-task method. The two training 
methods compared were a progressive- 
part-task schedule and a whole-task 
practice method. 


JAMES C. NAYLOR AND GEORGE E. BRIGGS 


METHOD 


There were two levels of task complexity, 
two levels of tasl organization, and two train- 
ing methods (progressive-part and whole) 
incorporated in the design. Table 1 provides 
а summary of the conditions. There were 14 
Ss per group and none had experienced a 
similar laboratory task prior to service. 
There were five daily sessions of approxi- 
mately 1-hr. duration each. Training oc- 
curred over the first 3 days and transfer was 
effected on the last two sessions in a transfer 
of training paradigm. 

Subjects and tasks.—The Ss were 112 under- 
graduate female students in introductory 
psychology classes. They were assigned at 
random to the eight groups subject only to 
the restriction that all groups be of equal size. 
All Ss were paid $7.50 for the entire series of 
five 1-hr. sessions. 

The task was basically а Markov pre- 
diction situation which required S to predict 
three aspects of an event just prior to the 
occurrence of the event. The event was a 
visual stimulus projected on a screen and a 
series of such stimulus events occurred at the 
rate of one event per 18 sec. The several 
discrete events varied in terms of three 
stimulus dimensions: (a) type of stimulus— 
aircraft, carrier, or submarine; (b) location of 
stimuli—left (L), center (C), or right (R); 
and (c) number of stimuli—one, two, or three 
objects of a single type. Thus, a given 
Stimulus event consisted of one of three 
vehicle types in one of three possible locations 
or zones on the display and in number ranging 
from one to three vehicles. 

Series of stimulus events were photo- 
graphed on 16-mm. film. There were 60 
stimulus events per series and a complete 
series represented one trial, There were two 
trials per day. Instructions to S emphasized 


TABLE 1 


EXPERIMENTAL CONDITIONS DEFINING 
THE EXPERIMENTAL GROUPS 


Trainin ask sk 
Group Method бый йш Ores eit 

1 | Whole High High 
2 Progressive High High 
3 Whole High Low 
4 Progressive High Low 
5 Whole Low High 
6 Progressive Low High 
T Whole Low Low 
8 Progressive Low 


Low | 


| 
| 


PART-WHOLE TRAINING AND TASK COMPLEXITY 


that she was to predict what, where, and how 
many stimuli would appear and that she was 
to mark down her predictions on special 
record sheets prior to the occurrence of each 
Stimulus event. The S was instructed also 
to look for any relationships within and be- 
tween the stimulus dimensions because any 
relationship discovered would help in the 
Predictions since, although there were four 
different series representing each experimental 
condition, the basic relationships between and 
Within stimulus conditions did not change 
from trial to trial for a given group of Ss. 

Since the criterion task was a Markov 
prediction situation, it was possible to mani- 
Pulate both task organization and task com- 
Plexity by varying the sequential dependencies 
of the inter- and intradimensional events, 
respectively, as follows: 

Task complexity was defined as the 
egree of predictability present in each of the 
task components considered in isolation 
(intradimensional predictability); thus, this 
Parameter was varied by modifying the 
Predictability within each of the separate 
Stimulus dimensions. The digram frequencies 
of a stimulus series were adjusted while 
*eeping the monogram frequencies constant 
and equal at all times. Thus, for the zone 

imension, all three zones were used an equal 
Number of times in each series (20 stimulus 
events), However, for the highly complex 
Series all nine digrams (LR, LC, LL, CL, cc, 
R, RL, RC, RR) were also equated for 
Tequency of occurrence, while for a low- 
Complexity series the digrams LL, CC, and 
never occurred, i.e., the same zone was 
Never used twice in succession. This reduced 
© average within-dimension information 
from 3.160 bits in a high-complexity series to 
2.577 bits for a low-complexity series. Maxi- 
mum possible information for independent 
Stimulus events, considering only monograms 
and digrams, would be log: 9 or 3.169 bits. 
Considering all higher-order terms, maximum 
'mformation possible per event is logs 59, or 
*88 bits, 

As indicated above, the definition of task 
Organization is the degree to which separate 
ask dimensions have meaningful relation- 
Ships with each other (interdimensional pre- 

Ictability), This parameter was varied by 
Modifying the predictabilities existing be- 
tween dimensions, e.g., the prediction of zone 
Tom information concerning type. For the 
Stimulus series of low organization, the cross- 
mensional digrams were all equal in fre- 
quency, creating essentially a complete 
«i dependence of dimensions. There are, with 
hree dimensions, a total of six potential 
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TABLE 2 


INFORMATION PER STIMULUS (IN Birs) 
DEFINING EACH SERIES 


High Organization | Low Organization 
High Low High Low 
Com- | С Com- | Com- 
plexity | pl plexity | plexity 
Average 
intralist | 3.160 | 2.577 | 3.160 | 2.577 
information 
Average 
interlist 2.449 | 2.449 | 3.119 | 3.119 
information 
| 


cross-dimensional relationships which might 
be established. These are predicting (a) type 
from zone, (b) type from number, (c) zone 
from number, (d) zone from type, (e) number 
from type, and (f) number from zone. For 
lists of high organization, predictability was 
established across dimensions using two of the 
possible six relationships: number was made 
predictable on the basis of zone information 
and zone was predictable from type informa- 
tion. This was done in each case by eliminat- 
ing six of the nine possible cross-dimensional 
digrams for these two relationships. This 
resulted in series having an average cross- 
dimensional information metric of 2.449 bits 
for the highly organized series as compared 
with 3.119 bits for the low-organization series. 
Table 2 summarizes the information metrics 
describing each of the four task conditions. 

These variations resulted in a total average 
information (summing across both the within 
and between dimensions) of 2.74 bits for high- 
organization, high-complexity; 2.50 bits for 
high-organization, low-complexity; 3.14 bits 
for low-organization, high-complexity; and 
2.93 bits for low-organization, low-complexity 
conditions. 

Procedure.—The groups having whole 
practice (Groups 1, 3, 5, and 7) made all 
three predictions (type, zone, and number) 
for every stimulus event throughout the 
entire 5-day period. The groups having 
progressive-part practice (Groups 2, 4, 6, and 
8) predicted only type on Session 1, type and 
number on Session 2, number and zone on 
Session 3, and all three dimensions on Sessions 
4and 5. Thus, practice for these Ss stressed 
those cross-dimensional relationships that led 
to maximum predictability, and Groups 2, 4, 
6, and 8 can be considered as experimental 
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Fic. 1. Mean number of correct responses 
during Transfer Sessions 4 and 5 аз а function 
of task complexity and task organization. 


groups in a transfer of training paradigm 
while Groups 1, 3, 5, and 7 are control groups. 

The total number of correct predictions 
per 60-stimulus-event trial was used as the 
dependent variable. In order to make the 
data comparable during the first 3 days when 
part training was in progress, percent correct 


predictions were calculated and employed in 
the data presentation. 


RESULTS 


It was necessary to ascertain the 
extent to which manipulation of task 
complexity in the manner described 
did indeed affect task difficulty. 
Figure 1 shows the average perform- 
ance of Ss on the two transfer sessions 
(Sessions 4 and 5) for each of the four 
task conditions. Each point is the 
average of both the whole and the 
progressive-part groups assigned to 
that particular task. It is clear from 
the figure that as task complexity was 
increased, task difficulty also was 
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increased, as measured by total task 
performance. Thus, for the highly 
organized task, the more complex 
version resulted in a smaller number 
of correct responses. The same was 
true of the less highly organized task. 

The use of the information metric 
as a useful means of quantifying both 
task organization and task complexity 
(and thus predicting task difficulty) 
appears to be very meaningful. This 
is illustrated by Fig. 2, which shows 
how the changes in average relative 
information of the four task conditions 
affect task performance. The high- 
complexity, low-organization series 
were used as a base. Thus, it appears 
that intradimension information pro- 
vided a good index of complexity, 
average interdimension information 
provided a good measure of organiza- 
tion, and average intra- and inter- 
dimension information provided a 
good index of total task difficulty. 

The results from the training and 
transfer sessions are summarized in 
Fig. 3 (high-complexity groups) and 
Fig. 4 (lov y-complexity groups). The 
first three sessions are training and the 
latter two are transfer conditions for 
Groups 2, 4, 6, and 8. 
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(number of correct predictions) as a function 
of the average relative information in а 
Stimulus series. (The high-complexity, low- 
organization series was used as a base in 
computing average relative information.) ] 
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Training—The use of sequential 
dependencies within a stimulus dimen- 
Sion and between stimulus dimensions 
(to define task complexity and task 
organization, respectively) appears to 
have separated groups as predicted: 
the worst performance at the end of 
training occurred under the high- 
Complexity, low-organization condi- 
tion (Groups 3 and 4) and the best 
Performance was attained under the 
low-complexity, high-organization ar- 
rangement (Groups 5 and 6). Groups 

and 4 could find no relationships 
'etween or within the stimulus dimen- 
Sions of the event series because none 
Were present; however, there were 
helpful relationships both between and 
Within the stimuli for the series viewed 

y Groups 5 and 6, and their superior 
Performance at prediction was the 
Tesult. The remaining four groups 
Could discern relationships either 
Within or between stimuli in the series 
but not both) and their performance 
°vels, as expected, were intermediate 
to those of the extreme conditions. 

Transfer-—There are a number of 
Ways to express the transfer perform- 
p as shown by Sessions 4 and 5 of 
.!&. Запа 4, One of the more mean- 
'ngful ways is to express the transfer 
Performance of an experimental group 
relative to its control group. Further, 
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for groups transferring to the low-complexity 
level task. 


it is logical to make the comparison 
relative to the improvement of the two 
groups from initial training to initial 
transfer performance. Ап index to 
express this is (C; = Ет/ С; —– Ст) X 100, 
where C; is the performance of 
the appropriate (whole task) control 
group during initial training, Cz is the 
performance of the same group during 
initial transfer, and Ет is the per- 
formance of the experimental group 
during the same transfer trials. То 
the extent that the index is less than 
100% for a given experimental group, 
to that extent the particular training 
method experienced by that group was 
less efficient than the whole-task 
training method. The results of 
applying this index are shown in 
Table 3. 

Note first the low-organization in- 
dices: higher relative transfer occurs 
for the more complex task (233.3%) 
than for the less complex task (27.2%). 


TABLE 3 


TRANSFER INDICES FOR Groups 2, 4, 6, AND 8 


Task Complexity 


Task 
Organization 
Low High 
Low 27.2% 233.3% 
High 67.7% — 20.095 
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TABLE 4 


ANALYSIS OF VARIANCE OF TRANSFER 
Sessions Data (Days 4 AND 5) 
FOR ALL EIGHT GROUPS 


Source df | MS F 
Training methods (M) 1. (22,705 | 5.717* 
ete (О) 1 81,277 36.5787 
Complexity (C) 1 [75,488 | 33.972 
MXO 1|5,833| 2.400 
MXC 1 102 -040 
OxC 1 | 5,893 | 2.650 
MXOXC 1]13,812| 6.216* 
Ss within groups 104 | 2,222 
s/G 
‘tre MM (S) 1 [16,646 | 52.677** 
SXM 1 .025 
SxO 1 | 9,845 | 31.145** 
SXC 1 28 .089 
SXMXO 1 24 -076 
SXMXC 1| 383| 1212 
SXOXC 1| 128| .405 
SXMXOXC d 594| 1.880 
S X Ss/G 104| 316 
*) < 05, 
юр Sor 
However, now note the striking 


reversal when one compares the two 
indices for the highly organized task: 
here, the higher level of relative 
transfer occurs for the less complex 
task (67.7%) and the more complex 
task resulted in less (even negative) 
transfer (— 2092). Thus, whereas a 
progressive-part training method was 
much worse than a whole-task method 
under conditions of high task organ- 
ization (and high complexity), the 
same method was considerably better 
than the whole-task method under 
conditions of low task organization 
(and high complexity), Naylor's 
(1962) prediction is borne out thereby 
in the data: task complexity and task 
organization do interact to influence 
performance and to determine what 
training method will be most appro- 
priate for the acquisition of skill. 
Table 4 is a summary of the results 
of an analysis of variance performed 
on the transfer data. Of interest is 
the fact that the differences due to 
training method, task organization, 
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and task complexity were all statis- 
tically significant at p < .05. These 
results can be seen in Fig. 3 and 4: on 
the average, groups trained by the 
whole method (Groups 1, 3, 5, and 7) 
were superior to the Progressive-part 
groups (Groups 2, 6, and 8) during 
transfer, with the most notable excep- 
tion of the progressive-part group 
(Group 4) which experienced the high- 
complexity, low-organization condi- 
tion; on the average, transfer per- 
formance was higher on the less 
complex (Groups 5-8) than on the 
more complex (Groups 1-4) task; 
and, in general, the high-task-organ- 
ization condition (Groups 1, 2, 5, and 
6) resulted in performance superior to 
that under the low-task-organization 
condition (Groups 3, 4, 7, and 8). 
The significance of the Methods 
X Complexity x Organization inter- 
action was the most notable finding of 
the analysis, This was indicated 
previously from the results of the 
transfer indices (Table 3) where an 
interaction is clearly apparent. This 
interaction was the essential test of 
the hypothesis under investigation, 
indicating that the choice of atraining 
method is dependent upon both task 
complexity and task organization. 
The significant variance in Table 4 
due to sessions shows the rapidity of 
adjustment during transfer to the new 
task, and the Sessions x Organization 
interaction indicates that this rapidity 
differs as a function of the organiza- 
tional characteristics of the task. 
Thus, the highly organized tasks are 
subject to rapid behavioral adjust- 
ment as opposed to only slight changes 


in performance with the low-organ- 
ization tasks, 


Discussion 


Several interesting points emerge in 
examination of the results, The relative 
transfer indices showed that the progres- 
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Sive-part training group actually ex- 
ceeded the whole training group in 
transfer performance on the high-com- 
Dlexity, low-organization task. From 
Fig. 1 it is evident that this version of 
the task was by far the most difficult of 
the four task conditions used in the 
Study. Thus, for an unorganized task, 
Part practice surpassed whole practice in 
efficiency when the task was complex. 
While it is somewhat refreshing to find a 
Condition under which whole training 
Was not superior to another training 
method, the result was not unexpected. 
Tlor research (Briggs & Naylor, 1962) 
as shown that increased complexity 
(and thereby difficulty) increased the 
Size of the progressive-part transfer index 
from 75% to 91%, the latter group 
nearly equaling the whole-task group in 
transfer efficiency. The task used in the 
Previous study was a three-dimensional 
tracking problem which involved no 
Mteraction between components and 
Could therefore be considered to be of low 
Organization. Therefore, the high-com- 
plexity, low-organization version of the 
task used in the present study must have 
exceeded sufficiently in difficulty the 
Most complex version of the task used in 
€ previous study so that progressive- 
Part training did indeed result in greater 
transfer performance than the whole 
Method. 
The hypothesis that the relative 
ciency of the two training methods 
Would be related to an interaction be- 
tween task complexity and task organiza- 
ion seems substantiated. Both the 
absolute differences in performance (as 
Indicated by the analysis of variance of 
able 4) and the relative differences in 
transfer (as indicated by the transfer 
Scores of Table 3) show the same inter- 
Ctive pattern. Given a task of high 
"ganization, increasing the difficulty 
(via increasing complexity) tends „© 
avor whole.practice efficiency relative 
© Progressive-part efficiency. However, 
i Was pointed out above, exactly the 
inverse occurs with tasks of low organ- 
ation. Here, increasing difficulty re- 
Sults in increased relative effectiveness of 
© progressive-part method. 
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These results are logical. By defini- 
tion, a task of low-level organization 
consists of essentially independent com- 
ponents or dimensions, and S need not 
be concerned with the learning of rela- 
tionships or intercouplings between task 
components. Instead, skill acquisition 
consists primarily of learning and apply- 
ing the rules of information processing 
and/or memory storage for each dimen- 
sion separately. Therefore, an increase 
in task complexity results in increased 
component task difficulty, the individual 
components still being independent, and 
it is logical that a  progressive-part 
training method would be efficient since 
this method emphasizes the acquisition 
of skill in dealing with the individual 
components of the task. However, for 
tasks of higher levels of organization, S 
cannot treat the several task dimensions 
as separate and individual subtask re- 
quirements since, by definition, they are 
interrelated, and it is important that 
he acquire skill not only on the spe- 
cific information-processing/memory de- 
mands of the component tasks, but also 
that he develop time-sharing and other 
intercomponent skills as required by 
the cross-dimension relationships. The 
whole-task training method should be 
more efficient under these conditions 
since this method emphasizes the acquisi- 
tion of skills in dealing with the total 
(integrated) task. 

For a relatively highly organized task, 
the whole training method should be 
superior to a part-task schedule regard- 
less of the level of task (individual com- 
ponent) complexity. This follows since 
manipulations of individual component 
complexity can only add to or at least 
leave unchanged the cross-component 
relationships, and thus S must deal with 
total task demands regardless of the 
level of component complexity. 

Seymour (1956) has suggested that a 
part-task method should become superior 
to the whole-task training method for 
tasks requiring complex perceptual skills 
(the high-complexity conditions as de- 
fined in the present report). The present 
data indicate that this conclusion is valid 
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only for tasks of relatively low or- 
ganization. 
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RESPONSE INTERFERENCE IN PAIRED-ASSOCIATE 


LEARNING? 


LEONARD M. HOROWITZ anp SUZANNE R. LARSEN 
Stanford University 


Response familiarization can facilitate or hinder subsequent paired- 
associate (PA) learning, but the critical task-variables have not been 
known. The present study suggests that items learned during familiari- 
zation may compete with the responses of the PA task. 80 Ss par- 
ticipated in a familiarization task and then learned English-Japanese 
word pairs by the PA or associative matching method. (In associative 
matching S does not produce the responses, so extralist responses cannot 
intrude.) Group I was familiarized with only relevant responses ; Group 
II, with irrelevant but similar responses; Group III, with irrelevant, 
dissimilar responses; and Group IV had no familiarization. In associa- 
tive matching the performance of Groups I and II was superior to that 
of Groups III and IV (p < .001). In PA learning the performance of 
Group I was facilitated while that of Group II was hindered (p < .05). 


Several recent authors (Horowitz, 
1962; Underwood, Runquist, & 
chulz, 1959) have viewed the paired- 
associate (PA) method as a combina- 
Чоп of two tasks: S must learn to 
Produce a set of responses (response 
€arning), and he must also learn to 
associate each response with a par- 
ticular stimulus (associative learning). 
he importance of this analysis was 
TSt recognized by Underwood, Run- 
Quist, and Schulz (1959), who were 
Studying the effects of intralist simi- 
arity on PA learning. Underwood 
al. demonstrated that response 
farning is facilitated early in PA 
arning if the responses are highly 
Similar, but that interference may 
Оссиг during the associative phase 
(Feldman & Underwood, 1957). 
recent study by Gannon and 
Noble (1961) raises a methodological 
155це which seems related to this 
analysis of the PA method. То under- 
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stand how a familiarization task 
affects later PA learning, Gannon and 
Noble familiarized S with a list con- 
taining the PA stimuli in one condi- 
tion, the PA responses in another, 
both stimuli and responses in a third 
condition, and only irrelevant items 
in a fourth condition. In all condi- 
tions, however, these items were em- 
bedded in a longer list containing at 
least 10 other irrelevant items. In 
their study stimulus familiarization 
facilitated PA learning while response 
familiarization did not, a result con- 
trary to other recent findings (Shef- 
field, 1946; Underwood & Schulz, 
1960; Weiss, 1958). 

To help account for this result, 
Schulz and Tucker (1961) have called 
attention to a critical feature of 
Gannon and Noble’s procedure: In the 
PA task S was required to pronounce 
the stimulus before anticipating the 
response. Ап S familiarized with the 
stimuli can produce these stimuli 
more rapidly during РА learning and 
therefore has a longer anticipation 
period available. To illustrate the 
importance of this point, Schulz 
and Tucker have demonstrated that 
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stimulus familiarization facilitates PA 
learning only if S has to pronounce the 
imuli. 

н The experiment of Schulz and 
Tucker, however, does not explain 
how stimulus or response familiariza- 
tion can hinder PA learning. An 
analysis of the PA task into response 
learning and associative learning sug- 
gests one source of interference. Since 
a familiarization procedure is es- 
sentially a response learning task, 
familiarization may interfere with the 
response learning phase of PA learn- 
ing. If so, then this source of inter- 
ference could be minimized by testing 
S's performance with some task that 
does not require him to produce the 
responses—for example, all the correct 
responses might be placed before him. 

One technique that does not require 
S to produce the responses is the 
associative matching method (Horo- 
witz, 1962). In this method S studies 
a series of paired items and then 
receives two types of material : a form- 
board containing all the stimulus 
items, and a stack of small cards con- 
taining one response item each. He 
is asked to reconstruct the associa- 
tions, but he need not produce the 
responses. This method is a variation 
of the reconstruction method used by 
Munsterberg and Bigham (1894), 
Gamble (1909), and Luh (1922). 

If performance is measured by the 
PA method, though, a response learn- 
ing component is present in S’s task. 
This response learning component 
might be impeded if S has just learned 
irrelevant but similar responses during 
familiarization. In one condition of 
the Gannon and Noble experiment, 
for example, S was not only fami- 
liarized with 10 relevant responses, 
but he also learned 20 highly similar, 
irrelevant responses. Thus, two 
transfer effects might have been con- 
founded : facilitation in the associative 
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phase of PA learning and interference 
in the response learning phase. Р 

The next step, then, in an analysis 
of the PA method is to compare the 
transfer from a response learning task 
(a familiarization procedure): (a) to 
associative matching, where interfer- 
ence from prior response learning 18 
minimized, and (b) to PA learning, 
where it is not. If the above analysis 
is correct, a response learning task 
with only relevant responses will 
facilitate both associative matching 
and PA learning. On the other hand, 
à response learning task with irrele- 
vant, similar responses will impede 
PA learning but not associative 
matching. The purpose of the present 
study is to test this hypothesis. 


METHOD 
Materials 


Japanese words were selected as verbal 
materials for several reasons. For one thing, 
Japanese words vary in length. This feature 
eliminates one severe restriction on шын 
syllables, permits a considerable range i 
intralist similarity, and provides a highly 
realistic task for 5, Second, Japanese words 
are unfamiliar to most English-speaking 55 
Thus, they can be conveniently transliterate! 
into the Roman alphabet and still remain 
relatively free of the restrictions imposed by 
S's verbal habits, Third, psychological data 
are already available on the Japanese 
language from studies of phonetic symbolism; 
And finally, results based on such materia 


can be applied directly to help understand 
efficient methods of teaching a foreign 
language. 

Twelve pairs of Japanese words were 
selected from the list of pairs supplied by 
Tsuru a 


nd Fries (1933). In their list the 2 
Words of each pair have opposite meaning? 
and could be used to form two lists of 12 
Words each, Words were selected only i 
their English translation occurred at least 10 
times per million in the Thorndike-Lorge 
(1944) frequency count. 

€ items of List 1 were: SWEET-AMAI, 
THICK-ATsur, NEAR-CHIKAI, LOW-HIKUI, HARD- 
KATAI, BLAME-KENASU, sLOW-OsOL SMART 
RIKO, WHITE.sHIRO, KITE-TAKO, BIRD-TORI, 
and YOUNG-wAKar The items of List I 
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Were: DULL-BAKA,  FAST-HAYAI, PRAISE- 
HOMERU, BOAT-HUNE, BITTER-KARAI, BLACK- 
KURO, WORM-MUSHI, OLD-OITARU, HIGH-TAKAI, 
FAR-TOOI, THIN-USUI, and SOFT-YAWAI. 

Successive trigrams within each Japanese 
Word were examined, and the mean frequency 
9f their occurrence in English was computed. 

hese trigram frequencies were obtained from 
the norms supplied by Pratt (1939)? The 
Mean trigram frequencies of List I ranged 
from 0.0 to 27.5 with a median of 5.3; In 
List II they ranged from 0.0 to 28.2 with a 
median of 5.7. 


Experimental Procedure 


Each S participated first in a practice task 
and then in one of four response learning 
tasks. Then S attempted either an associa- 
tive matching task ora PA task. Thus, there 
Were eight different combinations of experi- 
mental conditions, which are described below 
In detail. . 

Practice trials.—The S was presented with 
12 сүс trigrams oneata time for 3.5 sec. each 
9n 3 X 5 in. index cards. After each pres- 
entation he recorded the items that he could 
remember, This procedure was repeated to 
make a total of three trials. Thus, S was 
acquainted with the response learning task, 
and the experimental groups were equated 
Ог their performances. 
with esponse learning.— he 5 was р 
With 12 foreign words singly on 3 
dex cards for 3.5 sec. each. Не w 
8iven unlimited time to record as many 0 

ese items as he could remember. The order 
ОЁ presentation of the items was systematically 
Varied from trial to trial to minimize S's self- 
instruction for ordering. This procedure was 
Tepeated to make a total of five trials. й 
"here were four response learning condi- 
lons, The Ss of Group I were presented 
With the same Japanese words that would 
“ter appear in the associative matching or 
РА task. Half of these Ss were presented 
=... ee 


? The Underwood and Schulz (1960) norms 
€re not available when the present study 
gan. Since their publication, however, the 
mean trigram frequencies reported here have 
ееп recomputed. According to the Under- 
Wood and Schulz norms, the mean trigram 
fy, Quencies for the items of List I ranged 
Tom 0.0 to 361.0 with a median of 23.0; for 
ist II they ranged from 1.0 to 125.0 with a 
median of 23.6. The rank order correlation 
Oefficient between the mean trigram fre- 
Qencies computed from the two sets of 
norms was .94 for List I and .98 for List II. 


resented 
x5 in 
as then 


Wi 
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with List I items, and the remaining Ss, with 
List II items. For the Ss of Group II, the 
12 items presented for response learning 
differed from those later presented in the 
associative matching or PA task. Half of 
these Ss were presented with List I items 
for response learning and the remaining Ss 
with List II items. (The alternate list was 
then used for associative matching or PA 
learning.) The Ss of Group Ill were pre- 
sented with a list of Russian words which 
were transliterated into the Roman alphabet, 
and the Ss of Group IV did not participate in 
any response learning task. 

Associative matching or PA learning.— 
Immediately after the response learning task, 
half of the Ss of each response learning condi- 
tion participated in an associative matching 
task. In this task S was presented with 
12 3 X 5 in. index cards singly for 3.5 sec. 
each. Each card contained one stimulus- 
response pair. The response of each pair 
was a Japanese word and the stimulus was 
its English translation. 

After all pairs had been presented once, S 
was supplied with a formboard 8 X 12 in. 
containing all 12 stimuli. He also received a 
packet of 12 cards 13 X 24 in., and each card 
contained one response. The S was instructed 
to place each response onto the formboard 
beneath the stimulus with which it had been 
paired. When he completed this matching, 
the pairs were presented again, and S then 
repeated the matching task. This procedure 
was repeated to make a total of five trials. 
On cach trial the order of presentation of 
pairs was systematically varied, and so was 
the position of each stimulus item on the 
formboard. The S was given unlimited 
response time, and his score was the number 
of items he matched correctly on each trial. 

The remaining half of the Ss in each 
response learning condition were presented 
with a PA task immediately after response 
learning. These Ss were presented with the 
same 12 pairs of items described above. 
After each presentation, 12 cards were pre- 
sented to S. Each card contained one 
stimulus word, and S was given unlimited 
time to record the corresponding response. 
This procedure was repeated to make a total 
of five trials. The order of presentation of 
stimulus-response pairs was varied system- 
atically, and so was the order of presentation 
of stimuli during recall. 


Subjects 


Eighty students of the introductory psy- 
chology class at Stanford University served 
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TABLE 1 
MEAN NUMBER ОЕ CORRECT RESPONSES, MODIFICATIONS, AND IMPORTATIONS 


on EACH TRIAL or RESPONSE LEARNING 


List I List II 
Trial 
БОШКА, | Modifications | Importations | кб | Modifications | Importations 
1 2.40 0.80 1.00 2.80 1.20 0.65 
2 4.45 0.75 0.55 5.10 1.25 0.45 
3 5.55 1.30 0.40 7.10 1.50 0.35 
4 5.85 1.20 0.60 7.35 1.85 0.30 
5 6.90 0.95 0.65 8.90 1.25 0.10 


individually as Ss for the present study. 
These Ss had not been formally trained in 
Japanese or Russian, nor had they partici- 
pated in any other verbal learning ex- 
periments. 


RESULTS 


The most general result is that 
relevant response learning, the task 
of Group I, facilitated both associative 
matching and PA learning ; similar but 
irrelevant response learning, the task 
of Group II, facilitated associative 
matching and hindered PA learning. 
'The detailed results for each learning 
task are reported below. 


TABLE 2 


ANALYSIS OF VARIANCE OF THE SCORES 
EARNED THROUGHOUT FIVE TRIALS 
OF ASSOCIATIVE MATCHING 


Source df MS F 
Between Ss 39 
Lists (L) 1 | 0.180 — 
Conditions (C) 3 (13.633 — 
хс 3 |20.673 — 
Between Ss within | 32 |15.210 
combinations 
Within Ss 160 
Trials (T) 4 (75.568 | 48.817*** 
ТБ 4 | 2.668 — 
KG 12:| 5.104 | 3.297*** 
тох С. 12| 1.911 E 
T X Ss within 128 | 1.548 
combinations 
Total 199 


жыр < .001. 


Correct Responses 


Response learning.—V able 1 pre- 
sents the total number of correct 
responses on each trial of response 
learning for each list of Japanese 
words. 'The scores for List Il were 
uniformly higher throughout the five 
trials, and this superiority increase 
on successive trials. An analysis O 
variance of the correct response? 
showed that the variation between 
lists was significant at P < 05 
(Е = 445). The List X Trials inte 
action was also significant at Р <i 
(F = 3.00). : 

Associative matching.— The analysis 
of variance of the correct matching 
scores is summarized in Table 2. The 
between-list difference was not sta- 
tistically significant, nor was its inter- 
action with experimental conditions 
or with trials. Whatever character- 
istic made List II items easier ш 
recall in response learning did no 
seem to influence associative larmes 
Therefore, in subsequent analyses О 
the associative matching scores; the 
data from the two lists have beeg 
combined. 

Although the average difference 20) 
tween experimental conditions. ves 
not statistically significant, the ше) 
action between conditions and trials 
was. The presence of this interaction 
is apparent from Fig. 1, which repor 
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the mean correct matching score on 
each trial for each of the experimental 
conditions. Initially, the performance 
of Groups I and Il, whose response 
learning task contained Japanese 
words, was superior to that of Groups 
Ш and IV, the control groups. This 
difference diminished as the groups 
approached asymptotic performance. 

Thus, response learning facilitated 
associative matching when the re- 
Sponses learned were at least similar 
to those of the associative matching 
task. When dissimilar (Russian) re- 
sponses were learned, though, no such 
transfer occurred. These results sug- 
gest that response learning facilitates 


MATCHINGS 


о 


REVELANT JAPANESE WORDS 
i IRREVELANT JAPANESE WORDS 
ш RUSSIAN WORDS 
ту NO RESPONSE LEARNING 


NO. OF CORRECT 
o 


! 2 3 д 
TRIAL 


mber of correct match- 


Fic. 1. Mean nu S 
in each condition 


ings throughout five trials 
Of associative matching. 


associative matching only if the re- 
sponse learning task enhances the 
discriminability of the associative 
matching items. In the present study, 
for example, S must have learned 
Some of the characteristic redundancy 
in Japanese words and could thus 
attend more readily to the distinctive 
features of the items during associa- 
tive matching. 

PA o ning. Figure 2 reports the 
mean number of correct responses ОП 
each trial of PA learning for each 
experimental condition. An analysis 
Of variance was performed on these 
data, with the results summarized in 


10 

9 
d e 
a 
z 
27 
© 
ка 

9 
vs 
a 
5 zt 
o ^H 
"EC! 
o 
2 эр I RELEVANT JAPANESE WORDS 

IL IRRELEVANT JAPANESE WORDS 
2 Ш RUSSIAN WORDS 
TX NO RESPONSE LEARNING 
$ 4 
TRIAL 
Fic. 2. Mean number of correct responses 


throughout five trials in each condition of PA 
learning. 


Table 3. These results, like those of 
the associative matching task, show a 
significant interaction between trials 
and conditions because the difference 
in performance among the four groups 
decreased on successive trials. The 
major difference between these results 
and those of the associative matching 
task is in the performance of Group 11. 
Although the response learning task 


TABLE 3 


ANALYSIS OF VARIANCE OF THE SCORES 
EARNED THROUGHOUT FIVE TRIALS 
ОЕ РА LEARNING 


Source df MS F 
Between Ss 39| 
Lists (L) 1| 75.645 | 3.008 
Conditions (C) 3| 28.498 — 
LXC 3| 16.018 — 
Between Ss within| 32| 25.150 


combinations 


Within Ss 160 
Trials (T) 41275.668 |141.151*** 
TXL 4| 1.558 — 
TC 12) 3.828 1.960* 
TXLXC 12| 0.364 — 
T X Ss within 128| 1.953 
combinations 
Total 199 
* 
b © 001. 
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of Group 11 facilitated associative 
matching, it hindered PA learning. 


Analysis of Errors 


F Response learning.—Table 1 also 
presents the total number of errors 
during response learning categorized 
into “modifications” and "importa- 
tions." A modification is defined as a 
response with only one letter faulty 
(1.е., omitted, added, incorrect, or 
misplaced). All other errors were 
called importations. The proportion 
of errors in the responses of List I 
did not differ significantly from that of 
List II (.25 for List I and .22 for 
List II), but the types of errors dif- 
fered markedly. Of the errors of 
List I, .61 were modifications; of 
those of List II, .79 were modifica- 
tions. 'The difference between these 
two proportions was significant at 
p < .001. 

Associative matching—The only 
possible type of error in an associative 
matching task is an intralist confusion 
between two or more responses. 
Matrices were compiled to show how 
often each response was mistakenly 
substituted for each correct response, 
but the absolute numbers of such 
confusions were too small to permit 
any generalizations. "The confusion 
matrices of Groups 1 and 11 were 


TABLE 4 


PERCENTAGE OF ERRORS OCCURRING IN EACH 
CATEGORY THROUGHOUT FIVE TRIALS 
or РА LEARNING 


Өтөр Group Grouns, 
tegory of Error I I К 
ч (%) (%) (%) 
1, Errors of associative 14.0 4.8 6.5 
2 20.7 19.7 | 19.3 
3. Modifica ns У 77 7.0 | 7.3 

faulty associative 

learnin { ЕС А 
4. Between-list intrusions (99 29 ED 
5. Other intrusions pi 11 209 
6. Failures to respond 3.2 5 ^ 


LEONARD M. HOROWITZ AND SUZANNE R. LARSEN 


pooled, and those of Groups III and 
IV were pooled. The marginal totals 
of the pooled matrices gave frequency 
distributions reporting how often each 
item was missed. These two dis- 
tributions differed markedly. The 
items ATSUI, CHIKAI, HIKUI, and 
WAKAI accounted for 41% of the 183 
errors of Groups III and IV, but for 
only 24% of the 103 errors of Groups 
I and П. The value of r computed 
between these frequency distributions 
was only .46, which is just barely 
significant at p < .05. Thus, a re- 
sponse learning task with relevant or 
irrelevant Japanese items seems to 
have had two effects: It reduced the 
total number of errors, and (perhaps 
because) it changed the items that 
induced errors most often. 

PA learning.—The errors during 
PA learning were classified into SIX 
categories, as reported in Table 4. 
Category 1 contained responses which 
were correct but were elicited by the 
wrong stimulus; i.e., errors of associa- 
tivelearning. Categories 2 and 3 con- 
tained modifications, as defined above. 
A modification was placed in Category 
2 if it was elicited by the correct 
stimulus (error of response learning 
only) but in Category 3 if it was 
elicited by an incorrect stimulus 
(errors of both response learning and 
associative learning). Category 
contained the correct responses ап 
modifications that were appropriate to 
the alternate list. Such errors were 
directly due to interference from the 
similar, irrelevant response learning 
task. Category 5 contained all other 
intrusions, and Category 6 contained 
the failures to respond. 

The mean number of errors made 
by Group I throughout five trials was 
22.2 (SD = 10.1); by Group П, 
31.5 (SD = 7.7); by Group III, 25.8 
(SD = 6.8); and by Group IV, 27.7 
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(SD — 12.3). The nature of the 
errors made by Groups III and IV 
were so similar that they have been 
pooled to give the percentages re- 
ported in Table 4. The Ss of Group I 
made proportionately more associa- 
tive matching errors, and the Ss of 
Groups III and IV made the most 
Severe response learning errors. Sur- 
prisingly, the errors of Group П were 
almost never between-list confusions; 
instead, these Ss produced fewer 
responses. 


DiscussION 


The present authors cannot account 
for the difference between Lists I and II 
in the number of correct responses during 
response learning or in the kinds of errors 
Produced. At first, the difference seemed 
to be due to a difference in intralist 
similarity between the lists. A fact sup- 
Porting this explanation was that the 
mean trigram frequencies (computed 
from the Underwood and Schulz norms) 
were more variable for List I items than 
for List IL items. (The SD of the mean 
trigram frequencies of List I was 96.3; 
that of List II, 44.7.) If greater vari- 
ability among mean trigram frequencies 
contributes greater discriminability to а 
list of items, the intralist similarity o 
List II is greater, and response learning 
on it should be superior (Horowitz, 1961). 
However, in view of the interaction 
between the nature of S's task and intra- 
list similarity (Horowitz, 1962), пш 
interpretation would be valid only i 
Performance on associative matching 
were superior for List I. The two lists 
did not differ in associative matching, 


though. 
have shown that a response 
ke р ilitate associative 


learning task can faci 
“ке when it helps make the asso- 
ciative matching items more discrimin- 
able. However, it can interfere with the 
response learning phase of PA ea 
when the responses learned are similar 
to the PA responses. (This result 
implies that stimulus familiarization 
might hinder PA learning if the fami- 


liarized stimuli are sufficiently similar to 
the PA responses.) To demonstrate the 
facilitative effect of response familiariza- 
tion, Es have usually familiarized S with 
only relevant responses. Gannon and 
Noble, however, produced negative 
transfer by familiarizing S with irre- 
levant items, as well as relevant ones. 

Another variable that probably in- 
fluences the nature of the transfer in a 
PA task is the relative difficulties of 
associative learning and response learn- 
ing. (Some evidence in the present study 
suggests that the associative phase of the 
PA task was easier than the response 
learning phase. For one thing, the 
associative matching task was consider- 
ably easier than the response learning 
task. Furthermore, the control groups 
made fewer associative errors in PA 
learning than Group I, though the groups 
were performing equally well by Trial 5. 
To achieve this high performance level 
by Trial 5, the control groups must have 
mastered associative learning while they 
were still emitting the response learning 
errors of Category 5.) If associative 
learning in PA tasks is necessarily easier 
than response learning, then any facilita- 
tion in associative learning alone would 
contribute relatively less to the net 
transfer effect; and additional interfer- 
ence in the response learning phase would 
obscure this facilitation. On the other 
hand, if PA tasks can be found where 
associative learning is more difficult than 
response learning, then the present re- 
sults may have limited generality, and 
the net effect of irrelevant response 
learning might be facilitation. 
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CAN THE ABSOLUTE THRESHOLD BE CONDITIONED?! 


T. S. AIBA? 
Institute of Psychiatry, University of London 


Earlier studies have suggested that the absolute threshold to light can 
be raised by certain irrelevant stimuli, such as a tone, that had previ- 
ously been presented many times in the presence of adapting lights. 
An attempt was made to confirm this finding. 2 groups took part, each 
consisting of 6 Ss. The Ist group received a combination of a tone and 
a moderately bright light, the 2nd a tone and a weak red light. Later, 
the threshold was measured in the presence of the tone alone. Of the 
2 groups, the Ist gave consistently higher thresholds. The effect is not 
attributable to adaptation. It is concluded that at least the possibility 
of the conditioning of the absolute threshold exists. 


In their recent article, Nebylitsyn, 
Rozhdestvenskaya, and Teplov (1960) 
described a method involving condi- 
tioning which purports to give a 
Measure of certain sensory-behavioral 
characteristics of human Ss. и 

In spite of its broader implications, 
their study may be thought of as 

elonging to the realm of sensory in- 
Vestigations, since their particular 
Choice of type of conditioning involved 
à conditioned decrease of the absolute 
threshold to light. As the issue in- 
Volved is of some importance to visual 
Psychophysics, it seemed appropriate 
to make a critical appraisal of the 
methods they used and then to repeat 
Part of their experiments to see 
Whether or not the conditioning effect 
they obtained was real. . 

Nebylitsyn et al. caused a transi- 
tory rise in the thresholds of the dark- 
adapted eye of their Ss by presenting 
to them an illuminated panel for a 
few seconds (ie. light adaptation), 
and at the same time giving them a 
Pure tone (or weak red light), which 
also lasted for a few seconds. They 
Tepeated this pairing of the light- 
adapting field and the tone (or the 


1 Supported by a grant from the Human 
Ecology Fund 
E Now m Psycho-Acoustic Laboratory, 


arvard University. 


weak red light) a number of times, 
and eventually found that the dark- 
adapted threshold of the Ss could be 
raised merely by presentation of the 
tone or the weak red light alone. 

The principal question concerns the 
psychophysical method used by Neby- 
litsyn et al. for determining the 
absolute thresholds (which they call 
“the background sensitivity") and the 
other transient thresholds which were 
caused by the light-adapting stimuli 
and by what they called their condi- 
tioned stimuli (ie., the tone or the 
weak red light). They used a sort of 
methods of limits wherein they first 
presented to the Ss the test target of 
an adaptometer either supra- or sub- 
liminally, and then quickly changed 
the intensity until the target either 
vanished or appeared. The Ss were 
required to report the disappearance 
or the emergence of the stimuli as 
quickly as possible. This method not 
only makes the state of adaptation of 
the S’s eye ambiguous in that the 
target was exposed for unspecified 
periods of time, but also makes such 
extraneous factors as the S’s RT and 
the speed at which the Es changed the 
intensity of the test stimulus too im- 
portant in the threshold measurement. 
This criticism applies also to the 
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methods used by Rozhdestvenskaya 
(1955). 
There are other details of their work 
that may also be questioned, but 
these concern more the way in which 
the experimental procedures are re- 
ported in the two papers. For 
example, both Nebylitsyn et al. and 
Rozhdestvenskaya neglect to specify 
the luminances of their unconditioned 
stimuli (light-adapting fields) in any 
of the accepted photometric units— 
they give certain values of illumina- 
tion only. In addition, both papers 
fail to report the absolute values of the 
thresholds, and give percent decrease 
or increase in sensitivity. Probably a 
more serious omission in their reports 
is their failure to give the variability 
of their background thresholds, which 
must have been an important clue to 
whether a given threshold rise follow- 
ing the tone or the weak red light 
was really a conditioned response, or 
just a chance variation. Presumably, 
the variabilities they encountered in 
their experiments were rather small, 
because as their criterion for a suc- 
cessful conditioning they used three 
successive occurrences of the condi- 
tioned threshold-rise which amounted 
to only 1 db. on the average? (In 
Rozhdestvenskaya's study, the thresh- 
old rise was only 0.8 db. on the average 
when the pupil size was controlled.) 
It is of interest to see whether the 
Russian investigators' results could be 
duplicated if better control were 
exerted over such variables as are 
mentioned above, and if the use of 
experimental and control groups elim- 
inated the possibility that the con- 
tioning is an artifact inherent in the 


з The decibel is a logarithmic measure of 
relative energy or power. The number of db. 
equals 10 log A/As Absolute levels of 
luminance are conveniently expressed by 
setting Ao at 107? L. For advantages in using 
db. in vision, see Stevens (1955, 1957), 
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particular procedures used. Such an 
experiment has been conducted, and 
the results obtained are shown below. 


METHOD 
Apparatus 


The optical part of the apparatus consisted 
essentially of three optical systems, each one 
making use of the Maxwellian viewing ar- 
rangements. At the end of one of the systems 
was placed an adaptometer. The original 
size of the test target in the adaptometer had 
been reduced so that the light source was just 
large enough for the Maxwellian system but 
emitted no unwanted stray light around the 
apparatus. A motor-driven shutter, attached 
to the adaptometer just over the test target, 
exposed the target for 2 sec. every 5 sec. 
The light from the test target passed through 
a pair of neutral density wedges and a set of 
lenses, and was focused on the plane of an 
artificial pupil, 3 mm. in diameter, placed at 
the other end (on S's side) of the system. 
The light source for the second optical system 
was а 12-v. motor-car side-lamp, housed in a 
metal box which was light-tight except for a 
small circular aperture covered by a trans- 
lucent glass. The light from this glass was, 
after being collimated by a lens, reflected on a 
thin glass plate and brought into the first 
optical system to be focused on the plane of 
the above-mentioned artificial pupil. The 
third system, which provided the fixation 
point, consisted of a lens and a light source 
similar to the second system but covered by 
a deep red filter. The third system was also 
brought into the first system by means of a 
plain glass plate reflecting the light, and the 
image of the source was focused on the 
artificial pupil. The intensity of the source 
in the first system was altered by varying the 
diaphragm setting of the adaptometer, as well 
as by changing the relative positions of the 
wedges. The wedges, which were mounted 
on rack and pinion mechanisms, could be 
moved either continuously or in steps of 0.45 
db. In either case, the density of the wedges 
could be read from millimeter scales attached 
above them. 

The intensity of the source in the second 
system was regulated by the ac current which 
lit the lamp, and its luminance was adjusted 
to an adequate level by a set of neutral 
density filters put in the path of the light. 
There was also a provision for placing a color 
filter in front of the source. The luminance of 
the fixation spot, which was to be maintained 
at a just visible level during the experiment, 
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was controlled by a rheostat connected to the 
lamp. 

The S looked at the stimuli through the 
3-mm. artificial pupil, and his position was 
fixed by means of a biting board and a 
headrest, 

„A transistorized oscillator of the multi- 
Vibrator type produced a pure tone of 1000 
cps. The durations of this tone, as well as 
of the light in the second optical system, which 
Served as the CS and the UCS, respectively, 
Were controlled by electric relay switches 
Operated by a uniselector. The uniselector 
Was activated by pulses generated in the 
Shutter mechanism controlling the exposure 
Of the test target in the adaptometer. 


Procedure 


‘Two groups of Ss took part in this study— 
ап experimental and a control group. The 
fwo groups were given exactly the same 
Instructions and as far as the Ss were con- 
cerned performed exactly the same tasks. 
The only difference was that during the con- 

itioning sessions, they were given different 
kinds of light for their unconditioned stimuli. 
The following description of the experimental 
Procedures applies to both the experimental 
апа control groups, unless otherwise specified. 

Threshold | measurements.—All threshold 
Measurements were of test flashes, lasting 2 
Sec., subtending a visual angle of 3° an 
Centered on a spot 7° away from the fixation 
Point. At the first two sessions, on 2 separate 
“ays, preliminary measurements were made 
9f the absolute thresholds by the use 1 ЕЧЕН 
Of limits, ‘The Ss were also familiarized wit à 

Пе experimental situations, which include 
Presenting the tone a number of times to 
eliminate the orienting reactions (see Nebylit 
Syn et al, 1960, p. 19). In the third session, 
Which began the actual experiment, 5 yas 
first dark-adapted for 40 min, and he 
intensity of the test flashes was then. [е 
termined at which 5 reported seeing light 
“Pproximately 60% of the time. Ths reason 
Or using this particular frequency o seeing 
Was as follows: on the usual frequency o 
Seeing curve, 60% of seeing would ite at dis 
Most linear and steepest portion of the cu й 
hus if S's threshold increased or decebat 
slightly, this change would be reflected mos 
Sensitively in a corresponding Herder e 
increase in the frequency of sceing. PE e 
Present study was more concerned M 

crease than an increase in sensitivity. ur 

© 60% point was considered more ve 
than other points in this region, say, the 0 
Point, in that it would allow the subsequen 
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decrease in the frequency of seeing, without 
in any way altering the relation between the 
sensitivity and the frequency of seeing 
mentioned above. 

To determine the 60% "seen" intensity, 
four or five levels of intensity likely to give 
this frequency of seeing had been selected in 
advance оп the basis of S’s previous threshold 
measurements. These intensity levels were 
in steps of .9 db., and the test flashes were 
presented 20 to 30 times at each of these levels 
in a random order in accordance with the 
method of constant stimuli. There were pre- 
sented also about an equal number of blanks, 
randomly mixed with the actual flashes, in 
which S heard the click of the shutter but no 
light was presented. This procedure was 
taken in an effort to ensure that S's reports 
were not arbitrary. When E found too many 
false positive responses to the blanks (if more 
than 10% of the blanks were reported as 
“seen"’), S was told of this fact and encouraged 
to do better. Most Ss’ performances improved 
after such a comment from E, but if not, 
the experiment was discontinued and the S 
released. 

Conditioning, or pairing of the light and the 
tone.—After the S’s initial threshold measure- 
ment was completed, conditioning was begun. 
The procedure was as follows: the 1000-cps 
tone was presented to S through a pair of 
earphones for 15 sec., and while the S was 
listening to this tone, a white light of 72 db. 
subtending a visual angle of 10? was presented 
to the experimental group for 10 sec., and a 
dim deep red light, which actually consisted 
of the same white light transmitted through 
an Ilford 609 deep spectrum red filter and а 
6-db. neutral density filter, was presented to 


the control group for 10 sec. Both these 
lights were centered on a spot where the test 


flash normally appeared. They were both 
clearly visible to Ss. The intensity of the 
tone was around 70 db. above the threshold; 
i.e., the level at which S could hear the tone 
clearly but not high enough to cause dis- 
comfort. The lights were presented 5 sec. 
after the onset of the tone, but they ter- 
minated at the same time as the tone in 
accordance with the procedure used in the 
study of Nebylitsyn et al. 

The pairing of the tone and the light was 
repeated 12 times during a single day's 
session. Intermingled randomly with these 
were eight trials, each consisting of the 
presentation of the conditioning tone (1000 
cps, 15 sec.) followed 5 sec. after its termina- 
tion by 10 test flashes at the intensity that 
had been determined to give 60% frequency 
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TABLE 1 


NUMBER OF FLASHES SEEN IN EACH TRIAL 
AND THRESHOLD (6095 SEEN) AT THE 
BEGINNING OF EACH SESSION 


Trials 
Subject] Session] Threshold 
1 2 3|A4| 5 6 7| 8 
Control Group 
1 | 50.9 | 5| 3|2]3| 5| 7|5| 6 
VA п | 495 | 4| 9|9|9| 5| 8|8|10 
ш | 502 | 9 7|9|5|10| 9|9| 10 
1} 536 | 2| 211191 4105 1 
RR IL | 549 | 9 6|8|8| 7| 7|9| 9 
ш | 549 | 3| 7|6|7| 9 56 5 
1 | 509 | 6| 8|9|5| 4| 2|4| 7 
MS II | 50.0 | 6| 4|5/4| 710/7 9 
Ill 52.2 0} 6) 2) 8) 9| 5|7| 4 
1 | 50.4 |10[10|9|6| 9} s|9| 9 
ss II | 513 | s| 10/21 0| 312| 5 
III | 504 | 7 9|6|8| 9| 2/3] 6 
i 1 | 526 | 6| 4150 7 4/7 2 
UD II | 51.8 | 7| 3/3|0| 7| 9/3] 6 
HI | 533 | 4| 1)2|5| 2| 7|8| 1 
I| 50.4 | 9| 9/75 4 6/7|10 
ES II | 504 | 5| 7|6|7, 4| 8|8| 5 
IH 1.8 6| 2|5|4| 8| 619 5 
Experimental Group 

I 54.0 5} 5|6/4| 3| 1|5| 5 
LS II | 533 | 4| 2]6|1 0| 84] 3 
ш | 522 | 9| 9144 7| 4|9| 5 
I| 52.7 | 5| 7)34| 8| 63| 7 
vr i 51.9 4) 1|3|4| 2| 15 0 
п 51.3 3| 1|3|06] 3| 11 2 
I| 509 | 3} alls] 1| 3|2| 2 
MW] IL | 50.0 | 7| 6/93 6| 4|3| 4 
II | 53.1 | 3| 613 1| 3|3| 1 
1 | 531 | 6| 4|5|ó| 6. 5|7| 1 
GF IL | 522 | 5 31121 1| 5|2| 0 
HL] $31 | 4) 516 7|2| 4 
etl R3 la aaa dal? 
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of seeing. The test flashes were delivered at 
the rate of one in every 5 sec. The S was 
asked to report whether or not he had seen 
light after each presentation of the test flash. 

When a trial followed a pairing of tone and 
light, at least 6 min. was allowed for the eye 
to recover fully from the light adaptation 


before the trial was begun. This was done 
with the control group as well, in order to 
equate conditions. "The 6-min. interval was 
considered sufficient in view of the results 
obtained in the preliminary experiments. 
Similarly, when one pairing followed another, 
at least 3 min. was allowed between them, 
with the result that the unconditioned stimuli 
in the two sessions were both uninfluenced 


by the light adaptation. 


he 12 pairings and eight trials were re- 
peated again, in a slightly different order, in 
the two subsequent sessions on different days. 
Each session lasted about 2 hr. and 20 min., 
including the period for dark adaptation. 
Subjects 
All Ss were paid volunteers from all walks 
of life. None of them knew the true purpose 
of the experiment or any facts concerning the 
visual processes in light and dark adaptation. 


All had normal vision. There were 8 women 


and 4 men. Their ages were between 19 and 
30, with a mean of 23.5, 


RESULTS 


Table 1 shows the number of 
flashes seen by each 5 in each of 24 
trials during the three sessions. It 
also gives the individual S's thresh- 
olds, as defined by the intensity of the 
test flashes required for 6095 fre- 
quency of seeing. 

Figure 1 i$ a graphic presentation 
of the data in Table 1, together with 
SDs showing variabilities among the 
Ss. There were, on the average, 1.5 
pairings of the light and the tone 
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trol and experimental groups do not 
differ very much at the beginning of 
the session, but as more and more 
pairings are added the difference 
begins to be more apparent. Further- 
more, this tendency is almost the same 
for all 3 experimental days (Sessions 


I, LH, and 111). 

Second, the difference between the 
two groups in the latter half of the 
Session (Trials 5-8) appears to be 
greater in Session 11 and Session III 
than in Session I. Between Sessions 
ll and III this difference is not 80 
apparent. 

'Third, the control group more or 
less retains its original level of seeing 
throughout any of the sessions (i.e., 


TABLE 2 


Scores BASED ON THE Four 
SUMMED TRIALS 


Control Group Experimental Group 
Ee 5 c. | e E 


Trials* Trials* 
Subject | Session Subject | Session | —7— 
1 2 1 2 
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earlier half of the session, 
Session. 
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SESSION I 
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SESSION Ш 
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Fic. 1. Number of flashes seen in each of 
the trials in Sessions I-III. (Each point is the 
average of 6 Ss. The vertical bars show the 
variability among the Ss by SD. The hori- 
fet line in each figure indicates the original 
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TABLE 3 


OUTCOME OF ANALYSIS OF VARIANCE 
FOR DATA IN WHICH FOUR 
TRIALS WERE SUMMED 


Source df MS F 
Treatments (T) 1 |925.0| 19.8»** 
People within treat- 

ment 10 | 46.6| 1.04 
Trials (R) 1 18.0] 0.40 
Sessions (S) 2 | 29:5 0.66 
TXS 2 | 41.3 0.93 
TXR 1 | 26.5] 0.59 
TXSXR 2 | 192.4 4.3* 

Residual 52 | 44.6 

Total 71 


^ This was compared with the MS for people; all 
others were compared with the MS for residual variance. 
* 


p <.05 
**p <01. 


maintains the 60% frequency of 
seeing; see the broken lines in Fig. 1), 
whereas the experimental group tends 
to fall below this level. Thus the 
divergence between the two groups, 
pointed out above, can be regarded as 
due to the experimental group’s de- 
cline, rather than the control group's 
improvement, in the level of seeing. 
Now in order to test the statistical 
significance of the above results, an 
analysis of variance was carried out. 
For this purpose, the records of four 
consecutive trials were summed so 
that each single session of any S is 
now represented by two scores, one 
for the first half and another for the 
second half of the session. This was 
done in order to have a better com- 
parison between the early and later 
trials in a session and also to prevent 
the boosting of the degrees of freedom. 
The new set of scores, with four trials 
summed, is given in Table 2, and the 
outcome of the analysis of variance in 
Table 3. As сап be seen from Table 3, 
Treatments (i.e. conditioning) and 
the interaction among Trials, Sessions, 
and Treatments came out statistically 
significant. This indicates that the 
conditioning effect, manifested by the 
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differences between the two groups, 
is dependent not only on the treat- 
ment per se, but also on the number 
of times the treatment was repeated. 
In order to have a clearer idea of 
how the conditioning effect was 
formed during the course of the ex- 
periment, the differences between the 
two groups were analyzed using the 
differences between the means of the 
two groups in all periods of the experi- 
ment; i.e., in the earlier and later trials 
of each of the three sessions. The 
device used was the / test for un- 
correlated means using the residual 
variance obtained in the analysis of 
variance as an index of variance. It 
turned out that only in the later trials 
of Sessions II and III did the two 
groups significantly differ; the /'s for 
the differences between the two groups 
in the earlier trials in Sessions I, II, 
III were 0.467, 1.141, and 1.037, 
respectively, while the differences in 
the corresponding values of ts for 
the later trials were 1.686, 3.579, and 
3.242, the last two being significant 
beyond the 2% level of significance. 


DISCUSSION 


It may be that the observed effects 
constitute conditioning. Since the cri- 
terion for successful conditioning was 
statistically significant differences be- 
tween the experimental and control 
groups, the conditioning effects obtained 
cannot be considered as artifacts, for 
fatigue or chance variations in thresholds 
should be operating to the same extent 
in both groups. Nor can the observed 
differences between the two groups be 
due to cumulative light adaption in the 
experimental group, since preliminary 
experiment showed that 6 min., the 
actual interval used, was sufficient for the 
eye to recover fully from adaptation to a 
72-db. light for 10 sec. The fact that the 
two groups differed, not on the first day, 
but only on the second and third days, 
also indicates that light adaptation 
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cannot be responsible. Nor does ex- 
pectation or set explain these results, 
since the Ss of both groups were ignorant 
of the purpose of the experiment and the 
effect of white light on their thresholds. 
Against these arguments, one may list 
reasons why the observed effects may 
not be conditioning. For instance, the 
repeated presentation of a moderately 
bright white light to the experimental 
groups may have caused them to raise 
their criterion for reporting the test 
flashes, whereas to the control group the 
UCS (the dim red light) and the test 
flashes were sufficiently different in 
appearance not to cause this change. 
Unlike light adaptation, the change of 
criterion could develop slowly over а few 
days. The fact that the conditioning 
effects could not be maintained from one 
day to another may also raise some 
question of whether this was indeed 
Conditioning. : 
Regardless of the strength of either 
argument, there would be one point of 
agreement, that is, that the effects ob- 
tained here are extremely small. Even 
the largest difference between the control 
and experimental groups in frequency of 
seeing (ї.е., number of flashes seen out of 
10) in corresponding trials is no more 
than 50%. This corresponds to a differ- 
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ence of about 3 db. in the thresholds if 
the usual frequency-of-seeing curve is 
considered. All other differences are of 
the order of 1 db. or less. Such a small 
effect may be produced by almost any- 
thing, by a change in subjective criterion, 
by past experiences, or by any of the 
kinds of events that are disturbing to Ss, 
and possibly by conditioning, too. Thus, 
unless more substantial effects are ob- 
tained, nothing conclusive can be said on 
whether the absolute threshold can be 
conditioned, but it may be said that the 
results of the present study at least 
indicate the possibility of such con- 
ditioning. 
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Indiana 


In a test of a statistical model of 


University 


visual recognition, 160 Ss learned to 


anticipate the nonsense syllable names of 4 types of stimulus displays, 
each of which included an outline figure and a word. Subsequent re- 
sponses to differing cue combinations indicated that: (a) the probabili- 
ties of sampling various cues from among a larger set of cues and the 
probability of responses to cues that have been sampled are both func- 


tions of the relative and absolute Ё 
(b) stimulus elements are associat 


requencies of previous reinforcement, 
ed with patterns of cues rather than 


with the individual cues comprising the patterns, and (c) response 
dependencies only occur when repeated responses to the same type of 


stimulus are required. 


Binder and Feldman (1960) demon- 
strated that the relative frequencies of 
S's responses to ambiguous cues tend 
to equal the relative frequencies of 
previous responses to these cues which 
correctly assigned the cues, as part of 
a larger set of cues, to unique classes 
(matching). The present experiment 
was designed as an attempt to test the 
range of applicability of this sta- 
tistical model of visual recognition. 

Specifically, the present study was 
aimed at testing the following hy- 
potheses: (а) probability matching 
will occur despite the fact that class 
specifying attributes are '"abstracted 
elements" rather than physically iden- 
tical elements that are constant from 
trial to trial; (b) probability matching 
will occur whether ambiguity results 
from having too few cues, having too 
many cues, or having both too few 


l'This paper is based on a dissertation 
submitted in partial fulfillment of the require- 
ments of the PhD degree at Indiana Uni- 
versity where the author received support 
from Grant 2M-5425-C9 of the United States 
Public Health Service. The author wishes to 
express his appreciation to Arnold Binder, 
Chairman of the Research Committee, and 
W. K. Estes, A. M. Buchwald, and R. Milisen 
who also served on the Committee. 

2 Now at the University of Wisconsin. 


and too many cues for unique class 
specification; (c) a model which 
considers stimulus elements to be 
associated with patterns of cues qua 
patterns produces better predictions 
of responses to ambiguous cues then a 
model assuming association of ele- 
ments with the individual cues com- 
prising the patterns, and, as a major 
extension of the previous model; 
(d) the relative frequencies of selective 
sampling the stimulus elements as- 
sociated with various ambiguous cues 
tend to equal the relative frequencies 
of presentation of these cues when 
unique class specification was possible. 


METHOD 


Subjects—The Ss, students from intro- 
ductory psychology sections at Indiana Uni- 
versity, were run individually. The difficulty 
of the stringent learning criterion required the 
use of 270 Ss in order to obtain the required 
160 Ss, reaching the learning criterion. 

Apparatus.—The apparatus was described 
fully by Binder and Feldman (1960). Briefly, 
Ss sat in a semidarkened room in front of a 
panel with two one-way vision windows. 
The length and sequence of the illumination 
behind these windows, and thus the exposure 
durations, were under experimental control. 

Presentation material.—During the learning 
phase Ss were required to anticipate the 
nonsense syllable name of four different types 
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of stimulus presentations. Each of these 
presentations consisted of a verb or a noun 
and a straight-line or curved outline figure 
printed on the same stimuluscard. Examples 
of the four types of learning stimuli may be 
seen in Fig. 1. 

A pool of 244 English words one-half of 
Which were "clearly" nouns and one-half 
"clearly" verbs was obtained by having а 
separate sample of 100 Ss classify a larger 
list of words the E previously had selected 
from the Thorndike and Lorge (1944) com- 
pilation. Теп verbs and 10 nouns were 
randomly chosen with restrictions that per- 
mitted controls for length, frequency, and 
Positional preferences for use in the con- 
struction of test stimuli. 

Following procedures suggested by Att- 
neave and Arnoult (1956) eight points were 
randomly placed on each of 224 poster board 
cards. On half of these cards the points were 
Connected using a straight edge, while on the 
remaining half a protractor having a 2-in. 
radius was employed. M 

The point of insertion of a word within a 
figure was randomly determined as was the 
particular word employed with restrictions 
that permitted a counterbalancing of word 
length and frequency of occurrence tn English 
discourse for the various types of pres- 
entations. 4 

Following similar procedures eight types of 
test presentations were constructed. дош 
types, consisting of a noun (N), a verb (V) 
à straight outline figure (S), and curved ont 
line figure (C) presented singly, had коту 
cues for unique class specification. wo 
types, a straight figure enclosing both a nonn 
and a verb (SNV) and a curved figure er 
closing both a noun and a verb (CNV) ha 


LI E 
cow | 
SPEAK | 
TYPE SV TYPE SN 
Fi 
TYPE CV TYPE CN 


Fic. 1. Examples of the four types 
of stimulus cards. 
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TABLE 1 


FREQUENCIES OF OCCURRENCE OF THE 
LEARNING STIMULI/15-TRIAL BLOCK 


Group 
Learning 
Stimuli 

A B | c р | Е [Е | сн 
су |4/1]s]2/2]/1/8]4 
sv |1114]2]|8|41]2]| 4.8 
CN |8|2|4]|1|8]|4|2]|t1 
SN 2[8|1]|4|4]8] 112 


too many cues for unique identification. А 
noun and a verb with no enclosing figure (NV) 
presented a situation with both too few and 
too many cues. The final type (N/V) 
consisted of words presented singly which 
were “intrinsically” ambiguous in that the 
100 raters were approximately equally 
divided in their classification of the word. 

Procedure.—Each stimulus card can be 
considered as а member of a concept class 
for which 5з had to learn the appropriate 
name, eg, CV as a woy. The particular 
nonsense syllable from among WOY, RUX, 
tyz, and Jom (each of 33% association value; 
Glaze, 1928) paired with a given concept 
class was randomly determined over all Ss. 

Any individual cue (i.e., C, V, N, S) was 
associated with two responses during learn- 
ing. Two relative frequencies of association 
of the cues with their appropriate responses 
were employed: 2 to 1 and 4 to 1. А counter- 
balancing procedure was used to control for 
biases for a particular cue or set of cues. 
The resulting conditions can be considered 
as forming eight groups of 20 Ss each, which 
differed in the absolute frequency of pres- 
entation of the various types of learning 
stimuli. An S was assigned to a particular 
group according to a random schedule or 
group assignment. The counterbalanced 
design and the number of times each word- 
figure combination was shown for each group 
can be seen in Table 1. 

For the sake of exposition, CV will be 
assumed as being associated with Ri, SV with 
Rs, and so оп. Looking at each cue singly, 
it should be noted that although the relative 
frequency of association of a cue with its two 
appropriate responses was always either 2 to 1 
or 4 to 1, the absolute frequencies of associa- 
tion per trial block differed in the various 
groups. Thus for both the 5s in Groups A 
and B a curved figure was associated twice 
as often with Rs as it was with Ri. However, 
for the Ss of Group A, the absolute frequency 
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of concept-class name associations per learn- 
ing block was 8 to 4 while for Ss of Group B 
this value was 2 to 1. The counterbalancing 
procedure permitted an analysis of the effects 
of both the relative and the absolute fre- 
quencies of association. 

For any S the particular stimulus cards 
employed were randomly selected from the 
available pool of 56 cards of a concept class. 
Order of presentation was randomized over 
each 15-trial learning block with the restric- 
tion that no concept class would appear more 
than three times in succession. 

A paired-associate anticipation procedure 
was used. During the instructional period the 
apparatus was demonstrated, the procedure 
explained, E pronounced each of the four 
nonsense syllables, and the S was told he 
would have to pay attention to both the 
word and the figure on each trial. One second 
after the onset of a .5-sec. warning buzzer one 
of the four concept classes appeared in the 
left window. This card was exposed for 5 sec. 
The response card, the appropriate nonsense 
syllable, appeared in the right window during 
the last 2 sec. of the stimulus exposure. Both 
Stimulus and response presentations ter- 
minated together. The Sequence was re- 
peated 4.5 sec. later when the buzzer signaled 
the start of a new trial. 

The Ss were required to correct all errors 
or omissions by reading the correct name 
when it was shown. Learning proceeded 
until a complete 15-trial block was correctly 
anticipated. The available pool of stimulus 
cards permitted a maximum of seven learning 
blocks in which the criterion could be met. 

Following attainment of the criterion, .S 
was shown 12 test presentations which were 
ambiguous in terms of the previous learning. 
In determining the 12 test presentations for 
a given S two test cards from each of the 
available pools of Type C, Type S, Type N, 
and Type V were randomly chosen with the 
restriction that each available test card would 
appear an approximately equal number of 
times for each of the eight groups of Ss. For 
a given S, with the same restriction, one 
test card was randomly selected from each 
of the available pools of Type CNV, Type 
SNV, Type NV, and Type N/V. 

Within the first four test trials one Type 
CNV, one Type SNV, one Type C or Type S, 
and one Type N or Type V was presented in 
randomly determined order with the re- 
striction that each test type appeared equally 
often as the first test presentation for each 
of the eight groups. The order of presentation 
of the remaining eight test cards was ran- 


SOLOMON E. FELDMAN 


domly determined except that the N/V 
presentation always appeared as the twelfth 
test presentation. 

The following sequence of events occurred 
during the test phase: .5-sec. warning buzzer 
—l-sec. exposure of a test card in the left 
window—9 sec. wait until the start of a new 
trial. Each S was told he would be shown 
Stimulus cards singly in the left window 
Which would be somewhat different from 
those shown previously. He was to name 
these, using one of the names he had used 
Previously, whichever seem “most appro- 
priate.” If S did not give a name to the first 
presentation of a test stimulus he was shown 
the same stimulus card until he made a 
response. If two responses were given, the 5 
was told to “give only one name please" and 
the name then given was recorded as the 
response. If ап S spontaneously corrected a 
Tesponse this latter response was the one 
finally recorded. Before each test response 
the S was reminded to give the most appro- 
priate name of the forthcoming presentation. 

After responses had been given to all the 
test cards, S's retention of each of the original 
name-class pairings was tested. The pro- 
cedure was identical to the learning phase, 
except that only one example of each of the 
four concept classes was presented and no 
names were shown in the right window. The 
order of presentation of the stimulus types 
during the retention Phase was randomized 
over all Ss. The final retention trial con- 
cluded the experiment for an S. 


RESULTS 


Responses to single cues.—Of the 
responses to the single cues, 6.5% 
were inappropriate; i.e., were neither 
of the two responses associated with 
the cue during learning. This error 
rate is remarkably close to the 5.6% 
error rate obtained during the re- 
tention phase of the experiment, 

Looking at the appropriate re- 
sponses obtained when a 4 to 1 ratio 
of responses was predicted, we find 
that exactly 80% of the responses 
were the names of the high-frequency 
concept class, and when a 2 to 1 ratio 
was predicted, 68.2% of the responses 
were high-frequency names. Since 
each of these overall analyses includes 
four responses per S, for the purpose 
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TABLE 2 
RESPONSES TO THE SINGLE CUES 


| Obtained Frequency | x! (27 = 1) of Obtained from: 
Predicted Response 
atio Stage М 
d H L E Matching | нбай | Other Ratio 
Firs 117 29 14 .09 53.04*** | 11.96*** 
07 123 30 7 03 56.33*** | 1297** 
t-i Third 117 35 8 87 42.23*** 7.30** 
Fourth 127 27 6 .59 64.94 *** 17.26*** 
АП 484 121 35 
First 106 36 18 4.32* 34,51*** 2.54 
Second 97 50 13 .03 16.33*** | 18.04*** 
2-1 Third 103 47 10 47 20.91*** 12.04*** 
Fourth 98 55 7 47 12.09*** 24.72*** 
| АП 404 188 48 


Note.—For this table and subsequent table 
4-1 when 2-1 is predicted. 
*p < .05. 
"p c.t. 
жер < .001. 


of a chi square analysis, one can look 
at each S's first response when a 4 to 1 
ratio was predicted, each S's second 
response for this prediction and so on. 
This analysis of the effects of the 
Telative frequency of reinforcement, 
Presented in Table 2, provides firm 
Support for the matching hypothesis. 

Within the 4 to 1 relative ratio, the 
8 to 2 and 4 to 1 absolute ratios of 
association per learning block pro- 
duced 847% and 73.290 high-fre- 
quency responses, respectively. Simi- 
larly, within the 2 to 1 relative ratio, 
an absolute ratio of 8 to 4 produced 
74.79, high-frequency responses com- 
Pared to 61.4% high-frequency re- 
Sponses for the 2 to 1 absolute ratio. 
The results of separate analyses of 
cach response stage for both predicted 
ratios were highly consistent with 
these tendencies to overshoot and 
undershoot matching as а function of 
the absolute frequency. However, in 
only three of the eight comparisons do 
the differences between absolute fre- 
quencies attain statistical significance 


(b < .05). 


s the "other" ratio of response is 2-1 when 4-1 is predicted and 


Responses to test presentations with 
too many cues.—In order to demon- 
strate the predictions derived from a 
component model note that in Table 1 
the Ss of Group G had the following 
frequencies of association during each 
learning block: CV-Ri, eight times; 
SV-R;, four times; CN-R;, twice; and 
SN-R,4, once. If upon presentation 
of Test Stimulus CNV the .S ran- 
domly samples the elements previ- 
ously associated with each of the 
three individual cues, we would pre- 


dict 48.9% g | 2-0 + жы : 
a 
0+ 0+ 33.3 
11.1% g[ 5525-335 |; 28.9% 
20 + 66.7 + 0 
3 20 687 0 and 111% 
0 + 33.3 +0 


[ess] 


A pattern model assumes that when 
Ss are required to respond to either 
the SNV or CNV stimulus they should 
continue to sample the patterns of 
cues that occurred during learning 
(SN, SV, CN, or CV). While any 
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TABLE 3 
FREQUENCIES OF THE VARIOUS NAMES GIVEN TO TEsT STIMULI SNV AND CNV 
ee VbsoluteTisarnhg Frequedcy. x? (df = 1) of Obtained from Prediction of: 
Absolute 
резин 8 4 2 1 Component fm psa Ratio 
8-2 58 (3) 17 (2) | 11.84*** | 22.41*** 433 3.84* 
4-1 | (9) 49 (9) 13 15.34*** 20.90*** .04 4.30* 
8-4 53 21 (5) (1) 2.47 13.84*** .83 3.15 
2-1 (7) (6) | 39 | 28 44.12*** 1.81 | 2.18 19.93*** 
е А Es. L а 
=} Eon. 


response would be considered appro- 
priate by the component model, only 
two of the four possible responses to 
any of the CNV or SNV stimuli would 
be considered appropriate by a pattern 
model. For example, when the Ss 
of Group B respond to the CNV 
stimulus, the component model would 
predict that 53.495 of the obtained 
responses would be either an SN or an 
SV name, while the pattern model 
would predict none. 

When the Ss of Group B or D 
responded to a CNV stimulus, either 
CV or CN appeared eight times per 
learning block while the other ap- 
peared four times. For the sake of 
exposition we will say the pattern was 
associated in an 8 to 4 ratio for these 
Ss. Wecan also speak of 2 to 1, 4 to 1, 
and 8 to 2 patterns. The tabulation 
of the various responses to the CNV 
and SNV stimuli, presented in Table 
3, is in terms of these absolute fre- 
quencies. The entries in parenthesis 
are those responses that would be 
considered inappropriate by a pattern 
model. Since the results obtained 
with the CNV and SNV test stimuli 
were essentially similar they are 
combined in this analysis which 
provides little support for a com- 
ponent model. 

If the cues are associated as pat- 
terns rather than individually, upon 
presentation of a stimulus having too 


many cues, it can be assumed that the 
patterns can be selectively sampled in 
either of two ways. Both types of 
pattern-sampling models predict few 
inappropriate responses but differ in 
their predictions of the ratio of ap- 
propriate responses. On the one hand 
the basis for pattern sampling can be 
randomly determined (random-sam- 
pling model) Thus, of the appro- 
priate responses to the CNV test 
stimulus we would predict that 50% 
would be the names associated with 
CN, while 50% would be CV names. 

On the other hand, we could predict 
that the probability of selective sam- 
pling either pattern is equal to the 
frequency of presentation of the 
pattern during learning (weighted- 
pattern model). Thus for the Ss of 
Group G, responding to а CNV 
stimulus, we would predict that 80% 
of the appropriate responses would be 
CV names while 20% would be CN 
names, 

Returning to Table 3, these results 
clearly support the weighted-pattern 
model? This is shown by the low 
values of x? in the “weighted pattern" 
column and the generally significant 


2 Following a suggestion by W. K. Estes 
a weighted-component model was derivedinan 
attempt to account for the obtained response 
frequencies, However, this model was as fruit- 
less as the previous (random) component 
model. 
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X's in the "random pattern" column 
and the “other ratio" column. 

Responses to presentations with both 
too many and too few cues.—lt was 
assumed that a response to the NV 
stimulus involves two stages. The S 
first samples either the verb or the 
noun. Then, having sampled either, 
decides between the two appropriate 
responses associated with the word. 
Pitting the weighted-pattern model 
against the random-pattern model by 
testing the agreement between the 
relative frequencies of previous rein- 
forcement and the frequencies of 
choice of N and V produced equivocal 
results. 

Once the choice between the two 
Parts of speech has been made, the 
matching hypothesis would predict 
that the relative frequencies of the 
Various names to the part of speech 
Would equal the relative frequencies 
With which the names were associated 
to the sampled part of speech during 
learning. 1t should be noted that in 
the analysis of these results, presented 
in Table 4, no response can be in- 
appropriate. If, for example, S was, 
їп fact, responding to the verb but 
Zave a name associated with a noun, 
he would be included among those Ss 
responding to the noun. І A, 

Despite the possibility of including 
errors as appropriate responses, where 
the matching model predicts a 4 tol 
Tatioiof names, 77-570 0f the responses 
Were high-frequency names and where 
the prediction was а 2 to 1 ratio of 
names, 68.8% of the responses were 
high-frequency names. . 

Responses to the intrinsically am- 
biguous cues.— I hese results demon- 
Strated a tendency to undershoot 
matching when either a 4 to 1 or a 
2 to 1 ratio of responses was predicted. 

Response dependencies. — The data 
indicate that S's responses to each cue 
singly, were independent of his re- 


TABLE 4 
RESPONSES TO THE NV SrIMULI AS A 
FUNCTION OF THE FREQUENCY 
or LEARNING PRESENTATION 


Obtained |x? (4/ = 1) of Obtained from: 

Prediced| Frequency | 00000 em 
Ratio 

Chance |Predicted | Other 

H L Ratio 


4-1 62 | 18 | 24.20***) .31 4.25* 
2-1 55 | 25 11.15***) 16 6.33* 
ET < .05. 
жек р < .001. 


sponses to other types of cues. Simi- 
larly responses to SNV were independ- 
ent of responses to CNV and vice 
versa. However, when Ss gave the 
second response to a specific single cue 
there were significant dispositions to 
repeat more responses than would be 
expected under the assumption of 
independence. 


DISCUSSION 


The success of the matching hypothesis 
in predicting the frequencies of responses 
to ambiguous cues is clearly demon- 
strated in the analysis of responses to the 
single cues. These results acquire further 
significance because of both the broad 
basis for class inclusion during learning 
and the fact that the single cues in the 
present experiment may have been pre- 
sented as late as the eleventh test trial. 

Although probability matching gen- 
erally occurs, the absolute frequency of 
presentation also has an influence upon 
responses. Given any relative ratio of 
cue-name associations, there is a tend- 
ency for overshooting of matching with 
greater absolute frequencies and for 
undershooting of matching with smaller 
absolute frequencies. If it had been 
found that the frequency of responses for 
the cues whose absolute frequencies of 
presentation during each learning block 
were 2 to 1 and 4 to 1 undershot matching 
while the cues whose absolute frequencies 
were 8 to 4and 8 to 2 exhibited matching, 
it would have been possible to argue that 
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the obtained frequencies of responses to 
the two former cues were closer to chance 
because conditioning of the elements 
associated with these cues had not 
reached asymptote. However, since the 
frequencies of responses to the two latter 
cues overshot matching predictions, this 
line of reasoning seems inadequate unless 
the true situation is, as Edwards (1961) 
suggests, a tendency toward  maxi- 
mization. 

The assumption that elements are 
associated with individual cues rather 
than patterns of cues receives little em- 
pirical support, since an assumption of 
patterned conditioning of elements leads 
to greater accuracy in predicting the 
percentage of inappropriate responses to 
presentations having too many cues. 

The results with the SNV and CNV 
stimuli indicate that the frequencies of 
cue presentations affect the probabilities 
of selective sampling the elements asso- 
ciated with these cues. The Ss do not 
sample patterns randomly after a history 
of differential reinforcement; instead the 
probability of sampling a pattern of cues 
tends to equal the frequency of occur- 
rence of the pattern under conditions 
permitting unique class specification. 
This finding would support Straughan’s 
(1953) suggestion that a "lag" may occur 
in the sampling process so that the 
probability of sampling a cue on one 
trial increases if it has been sampled on a 
previous trial. 

Although the obtained frequencies of 
responses to the presentations having 
both too few and too many cues is not 
supportive of the weighted-sampling 
model, there was a clear tendency for 
cues appearing more frequently to be 
sampled more often. The inclusion of 
all responses as appropriate may have 
lead to the deviations from predictions. 
However, there is a more important 
reason why one cannot expect the 
weighted-sampling model to produce ac- 
curate predictions for the NV presenta- 
tions. During learning Ss were pre- 
Sented with patterns of cues and thus 
learned to sample the elements associated 
with patterns of cues on a differential 
basis. With the presentation of an NV 
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test stimulus, an S is required to sample 
either of two single cues and conse- 
quently his sampling tendencies are to 
Some extent independent of previous 
learning. The whole question of the 
effects of pattern presentations upon 
single cue sampling probability and vice 
versa requires further study. Despite 
these considerations, the results indicated 
that with this type of ambiguous stimu- 
lus, having both too few and too many 
cues for unique class specification, the 
matching hypothesis generated highly 
accurate predictions of response fre- 
quencies once sampling had taken place. 

There are at least three reasons that 
could account for the obtained deviations 
from the matching prediction when Ss 
responded to intrinsically ambiguous 
presentations. The first is that the 
tabulation of responses considered all 
responses to be appropriate. Ап analysis 
of the errors to the single cues indicated 
that the inclusion of all responses as 
appropriate would tend to make the 
obtained frequencies of responses nearer 
a chance distribution. Secondly, all the 
responses to the N/V stimuli were on the 
twelfth trial. In an analysis of the 
responses to the single cues there was a 
tendency for fewer high-frequency re- 
Sponses on a second trial with a par- 
ticular cue type, Whether S responded 
to the N/V stimulus as a verb or a noun 
he was presented with a third trial with a 
Particular part of speech, and we might 
expect a further decrease in the ratio of 
high-frequency responses with a resultant 
regression toward chance. Finally, there 
is the possibility that intrinsic ambiguity 
per se might lead to a deviation from 
matching Predictions because of the 
simultaneous competition of four alterna- 
tive responses. 

The finding that successive responses 
to single cues of a specific type were not 
independent is in agreement with the 
findings of Binder and Feldman (1960), 
Estes (1960), and Edwards (1961). On 
the other hand it appears that an S's 
response to an ambiguous presentation 
is independent of previous responses to 
differing ambiguous presentations; i.e., 
where associated responses differ. This 
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finding confirms that of Schoeffler (1954) 
Who found that ordinal position of test 
trials alone was not a significant variable 
In determining responses. 

In brief, a probabilistic model of visual 
Tecognition and cue sampling appears to 

€ very powerful when used to predict 
Tesponses to ambiguous presentations. 
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EFFECTS OF OMITTED VERSUS DELAYED UCS ON 
CLASSICAL EYELID CONDITIONING UNDER 
PARTIAL REINFORCEMENT}! 


JOHN W. MOORE Ахр ISIDORE GORMEZANO 


Indiana University 


The comparative effects in eyelid conditioning of 2 partial reinforcement 
techniques of UCS omission and UCS delay was investigated under 3 
partial reinforcement schedules of 25, 50, and 75%. Under both pro- 
cedures reinforced trials consisted of presentation of the UCS ata 


CS-UCS interval of 500 msec. 


It was found that: (a) UCS omission 


resulted in higher levels of conditioning and greater resistance to ex- 
tinction than UCS delay; (b) shorter CR latencies were obtained under 
UCS omission than UCS delay; and (c) acquisition performance in- 
creased directly with Percentage reinforcement, but reinforcement 
schedule failed to produce systematic effects on extinction. An associa- 
tive and nonassociative interpretation was offered for the decremental 


effects of the UCS-delay procedure. 


The purpose of the present in- 
vestigation was to compare the ac- 
quisition and extinction of CRs in 
classical eyelid conditioning for 25, 
50, and 75% partial reinforcement 
under the partial reinforcement tech- 
niques of UCS omission and UCS 
delay. 

Eyelid conditioning studies involv- 
ing partial reinforcement have em- 
ployed the familiar technique of 
presenting the CS alone (i.e., without 
the UCS) on nonreinforced trials, A 
recent innovation involves presenta- 
tion of the UCS on every trial, but on 
nonreinforced trials its onset is de- 
layed for an interval of time shown 
by McAllister (1953) and Boneau 
(1958) to produce little or no condi- 
tioning. Because this UCS-delay 
technique permits presentation of the 
UCS on every trial, it should pre- 
sumably eliminate the confounding, 
usually inherent in partial reinforce- 


1 This research was supported in part bya 
grant to the second author from the National 
Science Foundation, Grant G 16030. A brief 
report of the experiment was presented at the 
Midwestern Psychological Association, Chi- 


cago, May 1961. 


ment designs, between percentage 
reinforcement and number of UCS oc- 
currences, Therefore, recent studies 
of partial reinforcement in eyelid 
conditioning (Reynolds, 1958; Ross, 
1959; Ross & Spence, 1960) have 
employed the UCS-delay technique 
in order to equate groups for motiva- 
tional effects presumably related to 

CS occurrences. However, the com- 
Parative effects of UCS omission and 
UCS delay have not received system- 
atic assessment within the same 
experimental design. The need for 
such a direct comparison was em- 
phasized by the results of Moore and 
Gormezano (1961) in which instru- 
mental avoidance and classical eyelid 
conditioning were compared in a 
yokéd-control procedure. In that 
Study, a CR by an instrumental $ on 
à given trial either avoided or delayed 
the UCS for himself and попсоп- 
tingent partner, It was found that 
under the instrumental conditions, the 
UCS-omission contingency led to a 
higher level of responding than the 
UCS-delay contingency. In the two 
noncontingent groups (yoked to the 


248 


OMITTED AND DELAYED USC IN EYELID CONDITIONING 


two instrumental groups), the one 
receiving the delayed UCS responded 
at the higher level. This comparison 
Was confounded, however, by the fact 
that this group, because of the yoking 
Procedure, received the greater num- 
ber of reinforced trials. The present 
investigation was designed, therefore, 
to compare the effects of the UCS- 
omission and UCS-delay techniques 
under several partial reinforcement 
Schedules, ` 


METHOD 


Apparatus—The apparatus has been 
described in detail elsewhere (Moore & 
Ormezano, 1961). The S's room was sound 
treated and contained two identical en- 
closures which permitted 1 or 2 Ss to be run 
ata time, The 5 sat ona straight back chair 
acing into a flat white, well-illuminated 
enclosure with his head comfortably posi- 
tioned on a foam rubber chin rest. About 
ft. in front of S’s eyes was a 10-cm. circular 
milk glass window. An abrupt change in hue 
(rom pate blue to pale orange) and an 
increase of illumination (from .19 to .26 mL.) 
Of this window served as the CS. The S wore 
an elastic headband supporting an air jet 
With а 2-mm. orifice directed at an upward 
angle and at a distance of § in. from the right 
Cornea, A 100-тѕес. puff of compressed 
Nitrogen served as the UCS and was of 
Sufficient intensity at the eye to support a 
0-mm. column of mercury. The headband 
also supported a microtorque potentiometer 
Coupled to S's right upper eyelid by a light 
Mechanical linkage. Movement of the lid 
Produced a signal from the potentiometer 
Which was amplified by а Brush dc amplifier 
and recorded by means of an ink writing 
Tush pen motor. А Western Union tape 
transmitter controlled the intertrial пев 
nd activated electronic timers con 
e он of the CS and UCS, and the CS- 
CS interval. The Æ and recording and 
Stimulus programing equipment were housed 
іп a sound treated room adjacent to the S's 
room, 
Subjects and design.—The Ss were 48 men 
and 72 women from introductory psychology 
Classes at Indiana University. Twenty Ss 
Were randomly assigned to each of the six 
Cells of a 2 x 3 factorial design in which the 
two partial reinforcement techniques of UCS 
Omission (О) and UCS delay (D), were 
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orthogonal to three reinforcement schedules 
of 25, 50, and 75%. The random assignment 
of Ss was restricted to requiring an equal 
ratio of men to women (8:12) in each of the 
cells. The two recording systems were also 
made orthogonal to the principal dimensions 
of the design in order to remove their con- 
tribution to the error variance. 

The Ss were randomly assigned to one of 
two independent random sequences of rein- 
forced and nonreinforced trials within each 
reinforcement schedule. The randomization 
of reinforcement sequences was restricted by 
requiring that the first and last trials of 
acquisition be reinforced and the percentage 
of reinforcement in each four-trial block be 
equal to the percentage reinforcement 
schedule. 

Procedure.—Instructions to Ss were given 
over an intercommunication set and were the 
same as the "nonvoluntary" instructions 
stated fully in an earlier report (Gormezano & 
Moore, 1962). Each S received 80 acquisition 
and 20 extinction trials with randomly dis- 
tributed intertrial intervals of 15, 20, and 25 
sec. and mean of 20 sec. For Ss run with the 
UCS-omission (O) procedure a nonreinforced 
trial consisted of presentation of the CS alone 
for 600 msec. Under the UCS-delay (D) 
procedure, a nonreinforced trial consisted of 
presentation of the CS for 2600 msec. ter- 
minating together with the UCS. Under 
both procedures reinforced trials were defined 
as a 600-msec. CS terminating together with 
the UCS (ie, a .5-sec. CS-UCS interval). 
In extinction all trials were nonreinforced 
trials of the UCS-omission type. 

Response measures.—ln acquisition any 
deflection from the baseline of at least 1 mm. 
occurring in the 150-550 msec. interval after 
CS onset was scored as a CR. This interval 
was extended to 600 msec. in extinction. 


RESULTS 


Figure 1 presents performance 
curves for the six experimental groups 
in acquisition and extinction, The 
initial points on all acquisition curves 
are the mean percentage CRs on the 
first trial and the remaining points are 
the mean percentage CRs on succes- 
sive blocks of 10 trials. The extinc- 
tion curves are plotted in 5-trial 
blocks. In acquisition, Groups 75-O 
and 50-O attained asymptotes of ap- 
proximately 8596 within 40 trials. 
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The percentage of CRs plotted in 10-trial blocks during acquisition 


and 5-trial blocks during extinction. 


The curves for the remaining groups 
rose gradually and do not appear to 
have stabilized within the 80 condi- 
tioning trials. The mean percentage 
CRs for Groups 25-O, 50-O, and 75-O 
in acquisition were 56.6, 78.2, and 
83.4%, respectively, whereas the 
means were 42.4, 49.7, and 71.2% for 
Groups 25-D, 50-D, and 75-D, re- 
spectively. Therefore, within all 
values of the partial reinforcement 
schedule, the O groups responded at 
higher levels than did the correspond- 
ing D groups, and within reinforce- 
ment technique, level of responding 
increased with increasing percentage 
reinforcement. 

Extinction curves are presented on 
the right-hand side of Fig. 1. It is 
clear that the O groups responded at 
considerably higher levels in extinc- 
tion than did the D groups. More- 
over, within the first five extinction 
trials, the level of responding for the 
D groups dropped approximately 20%, 
from the last block of acquisition 
trials whereas there was little or no 
immediate decrement among the O 
groups. Within the UCS-omission 
and UCS-delay procedures, reinforce- 
ment schedule apparently did not 


differentiate among the groups in 
extinction in any simple way. The 
mean percentage CRs in extinction 
for Groups 75-0, 50-O, and 25-O were 
64.3, 62.5, and 64.5%, respectively, 
and for Groups 75-D, 50-D, and 25-D 
the means were 30.5, 24.6, and 28.4%, 
respectively. Thus, the two partial 
reinforcement techniques were widely 
separated in extinction while rein- 
forcement schedule exhibited little 
Systematic effect. 

The frequency distribution of re- 
sponse latencies in acquisition is 
shown in Fig. 2 for all groups. The 
O groups are depicted on the left and 
the D groups on the right with rein- 
forcement schedule as the parameter. 
The responses distributed about a 
mode at 75-100 msec. are reflex 
responses to the CS (Grant, 1943), 
and it is of particular interest to note 
that more of these alpha responses 
were obtained under 25 and 5096 
reinforcement than under the 7590 
reinforcement schedule. The low 
frequency of responses in the 125—200 
msec. interval for all groups indicates 
that precautions to maintain light 
adaptation were successful in elim- 
inating beta responses (Grant & 
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Norris, 1946). Examination of the 
Principal modes indicates that partial 
reinforcement technique had a con- 
Siderable effect on CR latency. The 
groups showed a flatter distribution 
than the O groups with a compara- 
tively large proportion of responses at 
the long latency end of the distribu- 
tion. Inspection of the figure further 
Indicates that reinforcement schedule 
had little systematic effect оп CR 
latency, Тһе mean CR latency in 
acquisition was computed for each S 
and averaged over Ss to yield mean 
latencies for Groups 75-O, 50-O, 
and 25.0 of 335, 337, and 346 msec., 
Tespectively, and for Groups 75-D, 

0-D, and 25-D of 380, 391, and 381 
msec., respectively. 

The frequency distribution of re- 
Sponse latency in extinction is shown 
in Fig. 3, The first, third, and fifth 

Istributions from the top of the figure 
are the UCS-omission (О) groups; the 
Second, fourth, and sixth distributions 
аге the UCS.delay (D) groups with 
Percentage reinforcement in acquisi- 
Чоп as the parameter. It is clear 
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from the figure that the O groups gave 
more CRs in extinction than did the D 
groups. It is also apparent that the 
modes of the respective distributions 
did not change to any great extent 
from acquisition to extinction. Mean 
CR latencies in extinction were ob- 
tained, as in acquisition, by averaging 
the means of individual Ss. These 
means were 331, 336, and 335 msec. 
for Groups 75-O, 50-O, and 25-0, 
respectively, and 383, 391, and 391 
msec. for Groups 75-D, 50-D, and 
25-D, respectively. 

The arc-sine transforms of indi- 
vidual percentage CRs and the indi- 
vidual mean CR latencies in acquisi- 
tion and extinction were subjected to 
analysis of variance. Table 1 presents 
the summary of these analyses for 
both the percentage and latency 
measures. For each response measure 
the acquisition analysis appears in the 
left-hand column and the extinction 
analysis in the right-hand column. 
Except for the error MSs which 
appear in parentheses at the bottom 
of each column, only the F ratios are 
presented. In Row 1, the source of 
variation tested is the effect of partial 


to the F values, there were significant 
differences in the percentage and 
latency of CRs in both acquisition 
and extinction. 

Binary comparisons (two-tailed / 
tests based on the error MS of the 
analysis of variance) of the O with the 
D groups for each reinforcement 
schedule indicated that the superior 
performance of Group 50-O over 
Group 50-D (p < .01) was the pri- 
mary contributor to the F value ob- 
tained for the effects of reinforcement 
technique upon acquisition percentage 
scores. Comparisons of 25-O with 
25-D and 75-O and 75-D failed to 
reveal statistically reliable differences. 
The value of F obtained for the effects 
of reinforcement technique on extinc- 
tion percentage scores was due to the 
greater resistance to extinction of the 
O over the D groups for each rein- 
forcement schedule (all р'ѕ < .01). 
Furthermore, differences between O 
and D groups in extinction, although 
greatly attenuated, remained reliable 
after the linear regression of extinction 
scores on acquisition scores had been 
taken into account by an analysis of 


covariance (Ё = 12.98, p « .001). 
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TABLE 1 
ANALYSES OF VARIANCE OF ARC-SINE PERCENTAGE CRs AND MEAN CR 
LATENCY IN ACQUISITION AND EXTINCTION 
F Ratios 
Source of Variation df Percentage Latency 
| = 
Acquisition | Extinction Acquisition Extinction 
Partial reinforcement technique 1 12,3] 27.63*** 17.16*** 9;9p*r* 
Reinforcement schedule (S) 2 9.3540 .08 45 .82 
Recording system (R) 1 00 | 41 157 .59 
TXS 2 .86 07 .28 ot 
TXR 1 1.86 | 04 36 04 
SXR 2 2.98 | .51 1.86 44 
TXSXR | sate 2.83 1.60 1.16 26 
Error M.S | 108 | (310.63) (501.59) (136.89) (237.01) 
жер < .001. s i 4 
reinforcement technique. According Binary comparisons indicated that the 


largest contributions to the F value 
obtained for the effects of reinforce- 
ment technique on acquisition latency 
scores came from the reliably shorter 
latencies of the O groups to the D 
groups under 50 and 75% reinforce- 
ment (viz., 50-O vs. 50-D, p < .01; 
75-O vs. 75-D, р < .05). For ex- 
tinction, £ tests indicated that the 
principal contributions to the F ob- 
served for the latency measure came 
from the reliably shorter CR latencies 
of the O groups to the D groups 
under 25 and 75% reinforcement 
(p’s < .05). 

As is shown in Row 2 of Table 1, 
reliable differences due to reinforce- 
ment schedule were obtained in the 
analysis of percentage CRs in acquisi- 
tion but not in the analysis of percent- 
age CRs in extinction or in the 
analyses of CR latency, in acquisition 
and extinction. In addition, when the 
linear regression of extinction percent- 
age scores on acquisition percentage 
Scores was taken into account by an 
analysis of covariance, differences 
due to reinforcement schedule failed 
to reach statistical significance 
(F — 1.68). The binary comparisons 
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among reinforcement schedules (i.e., 
with O and D groups pooled for the 
Comparisons) indicated that the larg- 
est contributions to the F value 
Obtained for reinforcement schedule 
in acquisition came from the reliably 
higher level of responding of the 75% 
reinforcement group over the 25% 
(b < .01) and 50% (p < .01) groups. 

Row 3 of Table 1 tests for variation 
due to the recording systems and 
Rows 4 through 7 test for the possible 
interaction of main effects. The F 
values indicate that the sources of 


tted in 10-trial blocks during acquisition and 5-trial 
as V (upper graph) and NV (lower graph) with a CR 


variation in Rows 3 through 7 failed 
to reach significance for either the 
percentage CRs or CR latency meas- 
ures in either acquisition or extinction. 

An attempt was made to separately 
analyze the data of so-called ‘“volun- 
tary" (V) and "nonvoluntary" (NV) 
responders? Those Ss who gave 50% 


? An analysis for "voluntary" responders 
was considered necessary by the consultant. 
For statistical analyses of data so classified, 
the arc-sine transform of percentage CRs was 
employed: All ¢ tests were two-tailed and 
only those significant at p < .05 are reported. 
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or more of their CRs with a latency of 
300 msec. or less were designated as 
V Ss (Spence & Ross, 1959). The 31 
Ss so classified were distributed among 
the six experimental groups as follows: 
25-D, N = 4; 50-D, N = 2; 75-D, 
N = 3; 25-0, N = 8; 50-0, N = 4; 
and 75-O, N = 10. The acquisition 
and extinction curves for V and NV 
Ss are presented in the upper and 
lower graphs, respectively, of Fig. 4. 
With the exception of the 75-O vs. 
75-D comparison, V .Ss reached higher 
levels of responding in acquisition 
under the O condition and pooling 
over reinforcement schedules, demon- 


strated a significantly greater resist- 
ance to extinction than under the D 
condition, /(29) = 4.83, p < .001. 
The acquisition and extinction curves 
for the 89 NV Ss (lower graph) closely 
resemble those presented in Fig. 1. 
The main differences are an overall 
lower level of responding and the 
occurrence of a position reversal be- 
tween Groups 75-O and 50-O in 
acquisition. Nevertheless, an O vs. D 
comparison revealed a significantly 
higher level of responding under 
the O condition in both acquisition, 
1(87) = 1.96, p < .05 and extinction, 
t(87) = 2.77, p < .01; and in par- 
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ticular, Group 50-O was significantly 
Superior to Group 50-D in acquisition, 
(32) = 2.88, р < .01. Сотрагіѕопѕ 
among reinforcement schedules in- 
dicated significant differences for the 
15%, ув. 25%, 152) = 3.94, p < .001 
and 50% vs. 25% comparisons, 
1(60) = 3.00, p < .01. Furthermore, 
Pooling over reinforcement schedule, 
the observed higher level of respond- 
ing of V over NV Ss (i.e. upper vs. 
lower graph) was significant for the 
following comparisons: V-O vs. NV-O 
in both acquisition, 1(58) = 4.39, 
b < .001 and extinction, #(58) = 3.70, 
P «.01; and V-D vs. NV-D in 
acquisition, (58) = 2.64, p < -02. 
Since a ready signal was not em- 
ployed in the present investigation, а 
300-msec, latency criterion would pre- 
Sumably be a conservative criterion 
Or recovering so-called voluntary 
responders (Hartman, Grant, & Ross, 
1960). Accordingly, Fig. 5 presents 
Separate acquisition and extinction 
Curves for V and NV Ss defined by 
Using a 350-msec. criterion (i.e. Ss who 
gave 50% or more of their CRs with a 
latency of 350 msec. or less were desig- 
nated as V Ss). The 51 V Ss so classi- 


ed v istributed among the six 
dag follows: 25-D, 


; 75-D, N = 6; 
25.0, N = 11; 50-0, N = 12; and 


ance of V Ss, presented in the upper 
Braph of Fig. 5, ied 

cantly higher level of responding for 
the O over D reinforcement technique 
in both acquisition, 
b < .05 and extinction, 1(49) = 4.01, 
b < .001. Summing over partial rein- 
forcement technique vw that the 
75%, reinforcement schedule was sig- 
hificantly superior to the 5076, 1(32) 
= 3.14, p < .01 and 25% reinforce- 
ment schedule, (32) = 3.48, Р < .01 
in acquisition. The data for NV Ss, 
Presented in the lower graph of Fig. 5, 
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reveals that most order relationships 
were retained among groups, but an 
O vs. D comparison failed to reveal 
significant differences in either ac- 
quisition or extinction. For partial 
reinforcement schedule in acquisition, 
however, 25% reinforcement was sig- 
nificantly inferior to 75%, t(44) =3.23, 
p < .001 and 50% partial reinforce- 
ment, ¢(44) = 2.28, p < .05. In V vs. 
NV comparisons (i.e. upper vs. lower 
graph) significant differences were 
obtained for V-D vs. NV-D in both 
acquisition, £(58) = 2.67, p < .01 and 
extinction, £(58) = 2.32, p < .05; and 
V-O vs. NV-O in both acquisition, 
1(58) = 6.14, p « .001 and extinction, 
1(58) = 5.93, p < .001. 


DISCUSSION 


The major findings of this investiga- 
tion were: (a) partial reinforcement 
under the UCS-omission procedure re- 
sulted in higher levels of conditioning and 
greater resistance to extinction than were 
obtained with UCS delay; (b) level of 
responding in acquisition increased di- 
rectly with percentage reinforcement, but 
reinforcement schedule produced little or 
no differences in extinction; and (c) 
shorter CR latencies were obtained with 
UCS omission than with UCS delay. 

The finding that a UCS-delay pro- 
cedure produced a performance decre- 
ment compared with UCS omission 
corresponds with the observations of 
Moore and Gormezano (1961) for in- 
strumental conditioning and further 
suggests that the direction of differences 
between yoked-control groups observed 
in that study (i.e, UCS delay produced 
a higher level of responding than UCS 
omission) was due to the higher rein- 
forcement schedule and not to partial 
reinforcement technique. In addition, 
it is clear from previous uses of the UCS- 
delay procedure, that it has been 
assumed that a delayed UCS has the 
same effect on habit strength as ordinary 
nonreinforcement. Specifically, the 
UCS-delay procedure has been employed 
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TABLE 2 


CONDITIONAL PROPORTIONS FOR UCS-DELAY 
Groups OF A RESPONSE AND NO RESPONSE 
IN THE INTERVAL OF DELAY GIVEN А CR 
ок No CR IN THE CRITERION INTERVAL 


Response No Response 
Experimental 
Condition 
CR No CR CR No CR 
75-D 410 .138 361 091 
50-D 1344 | 1225 | 1156 | 275 
25-D .254 .322 кү .253 


in studies interested in comparing con- 
tinuous (100%) reinforcement with par- 
tial (50%) reinforcement (Reynolds, 
1958; Ross, 1959; Ross & Spence, 1960). 
These studies have, in fact, demonstrated 
the usually observed superiority of con- 
tinuous over 50%, partial reinforcement 
in eyelid conditioning. The present 
results would seem to indicate, however, 
that decremental effects attributable to 
nonreinforcement alone can be spuriously 
overestimated by using a UCS-delay 
procedure. 

The performance decrement in acquisi- 
tion obtained with the delayed UCS can 
perhaps be accounted for, in terms of an 
associative factor of concurrent condi- 
tioning in the delayed interval of a 
response which competes with the CR in 
the shorter CS-UCS interval. Some in- 
dependent support for this interpretation 
is provided by the relatively long CR 
latencies obtained with the delayed UCS. 
Conditioning in the interval of delay 
may tend to displace criterion CRs 
toward the delayed UCS. Somewhat 
stronger support fora competing response 
interpretation is provided by the ob- 
tained conditional proportions of a 
response in the delay interval given that 
a CR did, or did not occur in the criterion 
interval. The proportions for the UCS- 
delay groups are presented in Table 2. 
Of particular relevance is the observation 
that an increasing proportion of UCS- 
delay trials (i.e., decreasing percentage 
reinforcement) produced an increasing 
proportion of trials on which a response 
occurred in the delay interval but not in 
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the criterion interval. A difficulty with 
this interpretation, however, was a 
failure to find an increase over condition- 
ing trials, in the percentage of responses 
in the delay interval. It is possible that 
some nonassociative factor is responsible 
for the decrement. If for example, ешо» 
tionally based drive ғ, (Spence, 1958) 
decreases as a function of number of 
UCS occurrences due to adaptation of re 
the relevant portions of the data could be 
accounted for. 

Analysis of covariance indicated that 
the greater resistance to extinction ob- 
tained with UCS omission cannot be 
completely accounted for in terms of a 
continuation in extinction of differences 
accruing in acquisition. The com- 
paratively rapid rate of extinction for the 
UCS-delay groups in the present experi- 
ment was probably due to the procedural 
change of shifting from UCS delay in 
acquisition to straight UCS omission 1n 
extinction. It would appear that any of 
the current hypotheses which explain 
resistance to extinction in terms of 
stimulus change can account for the 
obtained results (Lewis, 1960). — , 

The finding that level of responding in 
acquisition increased monotonically with 
percentage reinforcement is a conven- 
tional result. Furthermore, the effects 
of partial reinforcement schedule on the 
total number of CRs in extinction seems 
to correspond with the findings of Hart- 
man and Grant (1960) and Froseth and 
Grant (1961). 

The observation that CR latency 
varied with partial reinforcement tech- 
nique has methodological implications 
for eyelid conditioning studies which 
attempt to identify so-called voluntary 
Tesponders on the basis of response 
latency (Spence & Ross, 1959). When 
a 300-msec. criterion was applied to the 
present data, reliable superiority of UCS 
omission over the UCS-delay procedure 
was obtained for NV but not V Ss. On 
the other hand, a 350-msec. criterion 
indicated the complementary result, viz., 
reliably higher responding under UCS 
omission than UCS delay for V Ss but 
not for NV Ss, Since 22 of the 31 Ss 
classified as voluntary responders with 
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the 300-msec. criterion and 34 of the 51 
Ss so classified with the 350-msec. 
Criterion received the UCS-omission pro- 
Cedure, the classification of Ss was not 
independent of reinforcement technique. 
Under the assumption that Ss are a 
Priori voluntary responders one would 
expect an equal proportion of these Ss 
under each reinforcement technique. 

nder each criterion this expectation 
must be rejected (for 300 msec., x? = 5.32, 
b < 025; for 350 msec, x? = 6.42, 
b < 025). It could be assumed, of 
Course, that UCS omission simply gen- 
erated more voluntary responders than 
the UCS.delay procedure. However, in 
the absence of empirical evidence that 
the response latency criterion employed 
in the classification of Ss as voluntary 
responders is not a function of the 
independent variables employed, it is not 
implausible that Ss are being classified 
or demonstrating behavior functionally 
relating the conditioning process to 
reinforcement technique. Specifically, 
the alternative interpretation exists that 
“CS omission produced better condition- 
ing and that Ss classified as voluntary 
responders on the basis of response 
atency are simply those with higher 
learning rate parameters. Evidence for 
Such an interpretation has been provided 
іп а previous study (Gormezano & 
Moore, 1962) and is supported in the 


ment investigation by the Gh 
that V the whole, demonstrate 
EE n NV Ss 


higher levels of responding. tha 
in both acquisition and extinction. 
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A GUESSING STRATEGY WITH THE ANTICIPATION 


TECHNIQUE ! 
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Indiana University 


The capacity of Ss to utilize memory for recently presented responses 
to maximize guessing success was studied in 2 experiments. А serial 
anticipation technique was used with a list of 9 words whose order 
changed on each trial in Experiment I. In Experiment II the same 
words were used in a paired-associate task. Ss tended to give responses 
which had not previously been presented on the current trial. Correct 
responses increased significantly toward the end of a trial. Omissions 
increased from beginning to end of a trial. It was considered that a 
guessing strategy could produce the latter portion of the serial error 
curve, and in any list-learning inflate estimates of associative strength 


obtained by scoring anticipations. 


There is a growing body of evidence 
from short-term retention studies that 
probability of a correct recall varies 
as a function of the recency of the 
prior presentation (Peterson, Peter- 
son, & Miller, 1961; Peterson, Saltz- 
man, Hillner, & Land, 1962). Simi- 
larly, recognition experiments have 
found that the accuracy with which an 
item can be identified as having 
occurred previously in the experiment 
is directly related to recency (Shepard 
& Teghtsoonian, 1961). The relation- 
ship seems to be reversed in the case 
of the rote learning of lists, where the 
most recently presented response is 
not the response most likely to occur 
as an erroneous anticipation. In 
serial learning errors have been ana- 
lyzed as remote associations, and 
forward associations have been found 
to be stronger than backward associa- 
tions (Bugelski, 1950). The present 
experiments investigate the possibility 
that the occurrence of remote associa- 
tions is strongly influenced by a 
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guessing strategy on the part of the Ss. 
In the ideal case, after the S had 
learned what the responses were, if he 
could remember what items had 
already appeared on a given trial, 
then he could confine his guesses to the 
remaining items, Instead of the 
Proportion correct due to guessing 
being equal for each position in the 
list, the guessing probability would be 
equal to the reciprocal of the number 
of items which had not yet appeared 
on that trial. Thus, for the last 
position there would be no errors, for 
the next last position the guessing 
probability would be one-half, and so 
on. The number of errors would be a 
monotonic decreasing function from 
beginning to end of the trial. It is an 
empirical question to what extent the 
S could approximate this ideal state 
of affairs, 

Two experiments were designed to 
Provide tests of the capacity of Ss to 
utilize memory of responses previously 
presented on a given trial to maximize 
the probability of a correct anticipa- 
tion. The initial experiment pre- 
sented a list of nine familiar words 
over a series of trials. The anticipa- 
tion technique was used after the 
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manner of serial rote learning. How- 
ever, the order of words was different 
on each trial, so that learning in the 
traditional sense could not occur. In 
à second experiment the same words 
Were used as responses in a paired- 
associate learning task. 


EXPERIMENT 1 
Method 


Subjects.—The Ss were 30 undergraduates 
enrolled in an introductory psychology course 
at Indiana University for whom participation 
in experiments was a course requirement. 
Data from 1 additional S were discarded 
because more responses were made than the E 
Could record. 

Apparatus and materials.—Presentation 
was by a memory drum mounted in a 3x4 
ft. black screen. A sliding shutter permitted 
exposure of nine columns of items without 
change of tape. Nine monosyllabic stimulus 
words from the Minnesota Word Association 
norms (Russell & Jenkins, 1954) were used, 
each having the characteristic that it did not 
Occur as a response to any of the other 
Stimulus words more often than three times 
In 1008 Ss. | 

Procedure.—The words were arranged in 
18 orders such that each word appeared 
equally often in all positions and preceded 
and followed every other word an equal 
number of times. Words were presented at а 
4-sec, rate, and 16 sec. separated the end of 
One trial from the asterisks signaling the 
beginning of the next trial. 

The following instructions W! 
each S: 


In a moment there 
the screen and a list 0 
to you, one at a tim 
words as we go throug 
that you will know what t 
Ready? 


. After a single pres 

instructions continued: 

a word occurs only once 
in the list. That will always be true. The 
order of the words will change, buta word 
doesn't repeat until the whole list is shown 

.again. Now, this next time through the 
list try to guess ahead of time what words 
are coming next. A row of stars is the 
signal that the first word is coming up. 
When you see the stars, guess what the 


ere read to 


will be an opening in 
f words will be shown 
e. Just watch the 
h the list once, so 
he words are like. 


entation of the list, the 


Notice that 
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first word will be. While you are looking at 
the first word, guess what the second word 
will be, and so on through the list. You 
can expect to make many mistakes, but 
keep on trying. Here we go, guess. 


After the second presentation of the list, 
further instructions were read which were 
intended to produce multiple responses in each 
anticipation interval. It was considered 
possible that S’s first and second responses 
might be differently related to recency of 
previous presentation. The instructions were: 

That's fine. Now, we're interested in 
how people think in this situation, so we'd 
like to have you think out loud. As soon 
as the drum stops at a word, say the first 
word you think of, outside of the one 
you're looking at, of course. Then, when 
you think of a better guess, say that word 
next. Make as many guesses in each posi- 
tion as you can. Do you have any ques- 
tions? We'll go through the list a number 
of times, and please save any questions 
until the end. Now we'll begin. 


The experiment then proceeded through 
the remaining 16 trials without interruption. 


Results and Discussion 


The instructions to give multiple 
responses proved to be ineffective; 
few Ss gave more than one response 
within a single 4-sec. anticipatory 
period. In cases where multiple 
responses occurred only the last 
response was scored. In the discus- 
sion that follows, Anticipation n (A-n) 
will refer to S’s response as he looked 
at the n-first word in the list. An- 
ticipation 1 (A-1) will refer to S's 
response as he looked at the asterisks 
preceding the first word. Position n 
(P-n) will refer to the source of a 
response that S made. Thus, if on 
any anticipation S responded with a 
word which was fourth in the list on 
that trial, the source of the response 
will be called Position 4 (P-4). 

The distributions by position of S's 
voiced responses over Trials 3-18 are 
shown in Fig. 1. There was a general 
tendency for probability of emission 
of a word to be directly related to the 
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FiG. 1. Distributions of responses by position. 


length of time since its last appearance 
in the drum aperture. The words 
emitted with highest frequency were 
those which had not yet appeared 
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on that trial, and Ss divided their 
guesses randomly among them. 

The tendency to give responses that 
had not yet been presented during 
the current trial is analyzed in Table 
1. Responses at each anticipation 
were scored as Forward anticipations 
if in the E's list on that trial they 
occurred after the anticipation. They 
were called Backward if they had been 
presented prior to the anticipation on 
that trial. Responses read from the 
drum were not included in this 
analysis. Scores for each S at each 
anticipation were obtained by sum- 
ming over Trials 3-18 and dividing 
by the number of different positions 
represented in the summation. Thus, 
at A-7, for instance, the divisor was 
3 for the Forward category and 5 for 
the Backward category. Group 
means of these scores are listed in 
Table 1. Successive means in the 
Forward category increase from А-1 
to A-9 with no reversals. Applying 
the binomial theorem with the as- 
sumption that an increase would be 
equally as likely as a decrease, the 


TABLE 1 


MEAN NUMBER ОЕ FORWARD AND BACKWARD RESPONSES WEIG 
FOR OPPORTUNITY OF OCCURRENCE 


HTED 


Anticipation 
Exp. Position 
1 2 3 4 S 6 7 8 9 
Forward 671 1801.20 
® 1. А 01 | 2.26 | 2.43 | 2.49 | 2.79 | 29 7 
SE: 06. оо о o | a2 | “49 237 S30 
I 
Backward 83 7 А 
2 : 72 | 84] 99} 90 | .95 | .83 
SE; 18 | .12 | 12 | .09 | 207 | 09 | .09 
Forward 1.09 | 116 | 1.31 | 145 
2 j : A ; 1.40 | 1.34 | 1.42 | 1.87 
5Е; 1097 #10 |, 090) 0X era: | то 19 | .30 
I 
! Backward 4 
2 .06 | .21 -30 42 .60 .66 .64 .69 
SE; 04 | .02.| .06 | .05 | .08 | .07 | .08 | .09 
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TABLE 2 
MEAN PROPORTIONS OF CORRECT RESPONSES AND OMISSIONS 


Anticipation 
Exp. | Measure — | Trials 
1 2 3 4 5 6 7 8 9 
Correct zao ao | a2 | a0 мз | av} a2 | «to | ат a8 
fits | 09 | ur лт | ds | dà | dT | 21 | | 39 
L | Correct 3-10 1 | .o1 | .03 | .03 | .03 | .04 | .05 | .06 
After runs: [11-18 00 | 102 | 203 | 0 | 04 | .06 | .07 | .18 
Oudon Гало 04 | .0¢ | 06 | 10 | 13 | 18 | 31 | .33 | 46 
iiis | 02 | ioi j оз | 02 | 02) 06 | 08 | 19 | 32 
(pum 2-9 | 19 | 23 | 25 | 20 | 24 | 22 | 21 21 24 
2961 536 | 0 | 40 | 40 | 40 | 44 | Hi | 42 | 43 
| 
ПШ Corret |29 | Mos | of | 02 | 05 | 04 | 04 | 05 | 05 
After runs |10-18 | 04 1.01 | .04 | -03 | .03 | .05 03 | .06 
| 
issi sa [з Тыл Ж ЕГЫП | аз ЖШШЕ 
Omissions | 2-9) “ig | 19 | -15 | 18 | 19 | 20 | 22 | 23 | 29 
| g (MER ы 0 0. um XM 


Probability of eight successive in- 
creases is (1)5, or less than .004. А 
Comparison of Forward to Backward 
Means in А-3 to А-9 shows that 
Forward responses predominate at 
Sach anticipation. Two-tailed bi- 
Nomial sign tests at each of these 
anticipations where both Backward 
and Forward anticipations could be 
Obtained were significant at the .01 
level in every case. Means for the 

ackward anticipations do not appear 
to differ from one another save by 
Chance, 

There resulted a positive accelera- 
tion in the number of correct anticipa- 
tions at the later positions ofa trial, 
аз can be seen in Table 2. Assuming 
that each response was equally likely, 
11 of the anticipations would be 
Correct by chance. However, chance 
Was exceeded in the later anticipations 
of atrial. Over Trials 3-10, 21 of 30 
Ss were above .11 on A-4 and А-8 
(b < .05). On А-5 and A-9 23 or 
More Ss were above .11 (Ё < .01). 
Over Trials 11-18, 23 or more Ss 
exceeded .11 on A-3, А-4, A-6, А-7, 


А-8, and А-9 (p « .01), and on А-5 
22 Ss were above .11 (р < .05). 
There was a tendency for Ss to 
improve over the session, as evidenced 
by the fact that 24 Ss made more 
correct anticipations during Trials 11— 
18 than during Trials 3-10 (p < .01). 

Examination of omissions (Table 2) 
indicates that Ss made fewer re- 
sponses as a trial proceeded from A-1 
to A-9. During Trials 3-10 28 .Ss 
made fewer responses on А-9 than on 
А-1 (p < .01). During Trials 11-18 
23 Ss made fewer responses on A-9 
than on A-1 (p < .01). In contrast, 
as the session progressed, Ss made 
more responses. Summing over all 
anticipations, 25 Ss made more re- 
sponses in Trials 11-18 than in Trials 
3-10 (p < .01). It seems reasonable 
to conclude that Ss recognized that 
certain responses were erroneous be- 
cause of recent occurrence, and that 
they refrained from speaking when 
a better guess did not occur to them. 

A decrease in total responding as a 


trial progresses has previously been noted 
in serial rote learning by Deese and 
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Kresse (1952). However, in their paced 
experiment after reaching a peak omis- 
sions decreased toward the end of the 
list. Any of several differences in the two 
experiments may be the basis of the 
discrepancy. A 2-sec. anticipation period 
was used in the Deese and Kresse ex- 
periment, and associative learning oc- 
curred. In their unpaced conditions 
omissions reached a plateau which ex- 
tended to the end of the trial. 

Further examination of the data of the 
present experiment indicated that some- 
times Ss repeated guesses on successive 
anticipations. However, the Ss did not 
seem to have adopted the strategy of 
repeating the same guess until it proved 
correct. Seventy-seven percent of all 
runs were only two anticipations long. 
If only the runs ending in failure are 
examined, 85% were two anticipations 
in length. Table 2 lists the number of 
correct anticipations that marked the 
end of a run of two or more identical 
responses. These runs would seem to 
account for part, though not all, of the 
increase in correct anticipations from 
beginning to end of a trial. 

The systematic trends exhibited in 
this experiment suggest that the latter 
portion of the serial-position error curve 
may be at least in part the result of a 
guessing strategy. A rough estimate of 
the adequacy of a guessing strategy to 
produce this result can be obtained by 
noting that in this experiment ap- 
proximately half as many errors oc- 
curred in the final position as in the 
positions just past the center of the list. 
Several serial list learning experiments 
show comparable ratios (Bugelski, 1950; 
Deese & Kresse, 1952). 

It was concluded that in any list 
learning where anticipation is followed 
by correction, and where the responses 
are used but once in a trial, avoidance of 
recently presented responses should in- 
crease the number of correct anticipa- 
tions. Since the use of such a strategy 
would be reinforced, it would be expected 
that it would be used more frequently as 
a session progressed. Further investiga- 
tion of the strategy was undertaken ina 
paired-associate learning experiment. 


EXPERIMENT II 
Method 


The same nine words were again used as 
responses, but they were now paired with 
stimuli consisting of three-digit numbers. 
The numbers were of high similarity, since 
only the digits 6-9 were used. Responses 
appeared in the same orders as in the previous 
experiment over 18 trials. The stimulus 
member of a pair appeared in the drum for 
2 sec. followed by the response (alone) for 
2 зес. Sixteen seconds elapsed between trials. 
Thirty-one introductory students served as 
Ss. The following instructions were read to 
each S initially: 


When we begin, a list of numbers and 
words will appear one by one in this small 
window. First you will see a number and 
then a word. Sayveach word aloud as soon 
as you see it and try to remember wha 
number it follows. When a new pair 
appears, stop thinking about the last one 
and concentrate on the new pair. Let's go 
through the list once this way. 


After the first time through the list the 
following instructions were read to the S: 


. That's fine. Now we'll go through the 
list a number of times, Between trials on 
the list there will be a few blank spaces in 
the window during which time you can 
take a short rest, but keep looking at the 
window. The order of pairs will be different 
each time through the list, but each number 
is always followed by the same word. 
Starting with this next time through the 
list, try to guess ahead of time what word 
follows the number you are looking at. 
In other words, you are to say each word 
while you are looking at its number. Each 
pair appears just once each time through 
the list. Don't hesitate to guess, When 
you realize that you have made a mistake, 
say the correct word aloud as it appears 
in the window. You can expect to make 
many mistakes, but keep trying and you 
will learn which word goes with each 
number. 


The Ss were run for Trials 2-18 without 
further interruption. 


Results and Discussion 


The analysis of responses from 
Exp. II shown in Table 1 was similar 
to that of Exp. I, save that correct 
responses were not included in the 


GUESSING STRATEGY IN SERIAL ANTICIPATION 


263 


TABLE 3 


INDIVIDUAL DIFFERENCES IN MEAN NUMBER OF FORWARD 
AND BACKWARD RESPONSES: Exp. II 


Anticipation 
Group Position 
1 | 2 | 3 4 | 5 6 7 8 9 
1-6 Forward 142 | 1.44 | 1.61 | 1.73 | 1.68 | 1.69 | 20 | 2.4 
Backward 13 .33 Ad 53 JM Eu .79 .85 
7-12 Forward .94 1.09 | 1.23 1.42 1.35 1.33 | 1:05 1.60 
Backward ‘oo | 25 | 0| 35| .56 | .73 | .64 | .72 
13-18 Seed ss} s7| o7| ово | .75 | 50 | .58 | 1.0 
d ‘00 | .00 | 11 | 25 | .23 | .39 | 24 | 25 
LU 
analysis, The Ss of Exp. II tended indicates that the trends within 


to respond with words not previously 
Seen on the trial, as is clear from the 
Marked differences in frequency of 

orward and Backward errors. Two- 
tailed binomial tests of the difference 
in sign between the two kinds of error 
Were significant at the .01 level at 
€ach anticipation from A-2 through 

-8. The means from beginning to 
€nd of a trial in the Forward category 
tended to increase, although a sign 
test between A-1 and A-9 was not 
Significant, The increase in Back- 
ward errors as a trial progressed is a 
Change from Exp. I. Twenty-eight 
of the Ss showed this increase 
(b < .01). It would seem that under 
the conditions of Exp. II the Ss’ 
Memories did not perform as efficiently 
as in the previous experiment. The 
Shorter anticipation period coupled 
With introduction of numbers suggest 
themselves as relevant factors. 

Since it was apparent that there 
Were large differences in learning 
ability among the Ss, they were 
divided into three groups on the basis 
Of their performance on Trials 17-18. 
Over all Ss the proportion of correct 
anticipations on the last two trials 
Was .45. Separate analyses were 
made of data from Ss having 1-6, 


7-12, or 13-18 correct. Table 3 


groups are similar. The differences 
between groups in overall level of 
erroneous responding reflects the basis 


on which the three groups were 
formed. 
Table 2 indicates that Ss made 


fewer responses as they proceeded 
through a trial. During Trials 2-9 
the mean proportion of omissions was 
significantly lower for P-1 than for 
Р-9 (t= 3.93; p «.01) During 
Trials 10-18 the corresponding means 
were again different (¢=3.26; р <.01). 
Increasing numbers of omissions as a 
trial progresses apparently is char- 
acteristic of list learning in general, 
and not just serial learning. 


Тһе two experiments taken together 
support the interpretation that Ss do 
not, in general, utter the first response 
that occurs to them, even as a guess, 
when a list is being tested repeatedly. 
A recognition mechanism is involved in 
anticipation which results in the Ss 
refraining from speaking responses which 
they judge to be erroneous. Even with 
the 2-sec. anticipation interval of Exp. II 
the Ss were able to utilize such a mech- 
anism. The paradox arises that the 
most recent responses, which under other 
conditions can be shown to be the 
strongest responses, are the least likely 
to be spoken. 

The results of the present experiments 
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indicate that the occurrence of anticipa- 
tions is influenced by guessing strategies 
as well as by associative strength between 
verbal items. Number of correct antici- 
pations over a trial gives an inflated 
estimate of associative strength for 
which no simple correction seems feasible. 
Such an inflation may well be related to 
other verbal learning phenomena such 
as the differential effects of various 
degrees of overlearning. Associative 
strength would be expected to increase as 
trials continue beyond the point where 
all items are anticipated correctly. 
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EFFECT OF DIFFERENT STIMULUS FREQUENCIES ON 
DISCRIMINATION LEARNING WITH PROBABILISTIC 
REINFORCEMENT ! 


JULIET POPPER SHAFFER 


University of Kansas 


A model developed by Burke and Estes generated predictions for a 


2-stimulus ( : 
ing problem, which consiste! 


E; or Es, would occur on each of the 
was 1.00 on Tı trials and .50 on T: tri 


in the probability (8) of T: trials. 
served proportions o 


Тї, Tz), 2-response (Ai, Аз) successive discrimination learn- 
d of predicting which of 2 reinforcing events, 


324 trials. The probability of E: 


als. 3 groups of 32 Ss each differed 
It was predicted that the final ob- 
f А. responses on Tı and Тг trials [P(Ai| T3) and 


P (Ai| Tz) ] would be linear increasing functions of 8, with equal slopes. 
"The final P(Ai| T1) was a linear increasing function of 8 (p < .01) while 
the final P(Ai| T2) was a linear decreasing function (p < .05). Thus, 


the results did not con 


The present paper reports а study 
of the behavior of human Ss in a two- 
Stimulus, two-response successive dis- 
crimination problem, of the following 
Kind. On each trial, one of two 
stimuli, T, or Тз, is presented, and the 
S predicts which of two reinforcing 
events, E, or Es, will follow. When 

1is presented, E; has probability ті 
and E, has probability 1 — т of 
Occurring. When T» is presented, E1 
Occurs with probability 7» and E» 
With probability 1 — 72 Тһе pa- 
Tameters ту and s» may take оп any 
Values between 0 and 1. 

A number of studies of this type of 
discrimination learning (e.g Atkin- 
Son, Bogartz, & Turner, 1959; Estes 
& Burke, 1955; Popper & Atkinson, 
1958) have been designed, at least in 
Dart, as tests of a model developed 
for this situation by Burke and Estes 
(1957), based on statistical learning 
theory, The principal assumption 1 
this model, which is a direct extension 
9f a simple learning model (Estes & 
Burke, 1953), is that the two stimuli, 
onducted at Indiana 


hor held a National 
tdoctoral Research 


This research was С 

University while the aut 

Cience Foundation Pos 
Fellowship, 


form to the predictions derived from the model. 


T; and Т», can be conceptualized as 
sets of stimulus elements. Every 
element is assumed to be conditioned 
to one of the two responses, predicting 
E; or predicting E», which will be 
designated A; or Аз, respectively. On 
T; trials (? = 1 or 2), a sample is 
taken from the set of elements cor- 
responding to Stimulus T: The 
probability of each response is equal 
to the proportion of elements in the 
sample conditioned toit. Allelements 
in the sample on a given trial are 
assumed to become conditioned to 
the response corresponding to the 
reinforcing event on that trial, leading 
to altered response probabilities on 
subsequent trials. 

Burke and Estes derived theoretical 
learning curves for both T; and T; 
trials. Only the asymptotic predic- 
tions will be presented here, since they 
are the only predictions of relevance to 
the present study. They are as 
follows: 


р»(А| Ту) = т(1 — e + тл 
р«(Ал|Тә) = т(1 — w) + mew. [2] 


where $&4(Ai|T; is the expected 
asymptotic probability of an А; re- 


[1] 
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sponse given a T; trial, and re is 
equal to Bri + (1 — 8)ss^ The pa- 
rameters w; are functions of the 
degree of similarity between Stimuli 
T; and Ts, with similarity represented 
in the model by the assumption that 
the sets available for sampling on T; 
and Т» trials, respectively, overlap; 
i.e., some of the elements available on 
T; trials are also available on T» trials. 
The parameter o; is equal to the 
expected proportion of elements sam- 
pled on T; trials which are common to 
both sets. Due to the symmetry of 
the design of the present experiment, 
it is natural to assume that о; and w 
are equal. Finally, 8 is equal to the 
probability of a T; trial, with T; and 
Te trials occurring in random suc- 
cession. 

The studies by Popper and Atkin- 
son (1958) and Atkinson, Bogartz, and 
Turner (1959) allowed a test of these 
predictions by using various com- 
binations of т values, keeping other 
parameters fixed. Both studies found 
serious discrepancies between ob- 
served asymptotic values and the 
predictions based on the Burke and 
Estes model. In the present study, 
71, тә, and the physical stimuli (there- 
fore, presumably, w) were fixed, and 
the parameter 8 was systematically 
varied. Although the model had not 
been successful in accounting for the 
effects of varying values of т, with 8 
fixed, it still appeared possible that it 
could account for the nature of the 
changes when 8 was varied keeping 
the values of т fixed. 

Rewriting Equations 1 and 2 as 
functions of 6, and assuming шу and оз 

2 These results, in slightly modified form, 


are presented in Equations 18 and 19 of the 
Burke and Estes (1957) article. 
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are equal, gives: 


Р»(Ал|Т\) = [omi = тә) ]84- 
Га — о)т + or] [3] 
P«(A1| T) 
= [о(т — т:)]8 + v. [4] 


from which it can be seen that, if mı 
is greater than т», and o is not equal 
to zero, both asymptotic proportions 
should be linear increasing functions 
of 8, with equal slopes. "Therefore, 
their average should also be a linear 
increasing function of f, and the 
difference between them should be а 
constant, independent of 8. 


METHOD 


Subjects —The Ss were 96 Indiana Uni- 
versity students taking introductory psy- 
chology. They were tested in groups of 4 Ss 
each. 

Apparatus—A darkened experimental 
room contained five booths, all facing the 
front of the room. The E sat in the center 
booth while the 4 Ss sat in the outer booths. 
Two 73-w. bulbs, 25 in. apart, were centere! 
on the front wall, about 10 ft. away from the 
Ss. The left bulb was blue, the right bulb 
yellow. Each booth contained a 13-in. lever 
on the right side of a panel, and, 6 in. to the 
left, two reinforcing lights arranged vertically 
6 in. apart, above and below the lever. The 
lever could be moved up or down, and con- 
tained a spring which returned it to center 
when released. А punched-tape programing 
device controlled the sequence of stimuli 
(yellow and blue lights), and the sequence of 
reinforcing lights in the booths. The 5s’ 
responses were recorded automatically. а 

Procedure.—NWhen Ss had been seated in 
the booths, they were given instructions to 
the effect that they were in a prediction 
experiment which would consist of a series of 
trials. Each trial would begin with the 
lighting of a blue or yellow bulb, and shortly 
afterwards either the upper or lower light on 
their panel would go on. They were in- 
structed to predict which of the panel lights 
would go on by moving their levers either uP 
or down on every trial, immediately after the 
blue or yellow light went on. 

Following 4 practice trials, the 324 experi- 
mental trials were presented in continuous 
sequence. On each trial, the stimulus ap- 
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peared for 2.7 sec., followed immediately by 
the reinforcing light for 1.8 sec., and there 
was a 2.0-sec. intertrial interval. 

Design.—For all Ss, 71 was equal to 1.00 
and т» was equal to .50. The three main 
experimental groups differed in the value of 8, 
the proportion of T; trials. For Group I, 8 
was equal to one-third; for Group II, it was 
equal to one-half; and for Group III it was 
equal to two-thirds. The design was counter- 
balanced by having four subgroups, with 
different identification of the stimuli and 
responses, within each main experimental 
group. Two groups of + Ss each were assigned 
randomly to each subgroup. 

Each group of 4 Ss was given a different 
Sequence of stimuli and reinforcements. The 
sequences were randomized with the re- 
Striction that, within each successive 36-trial 
block, the numbers of T; trials followed by Ез, 
Ts trials followed by Ез, and Т: trials followed 
by E; were exactly equal to their expected 
values, 


RESULTS 


_ The proportions of A, responses on 
T; trials will be designated P(Ai|T2- 
The 324 trials were divided into nine 
36-trial blocks, and P(A:|T) and 
P(A,|T;) were computed for each 
&roup for each block. The results 
are shown in Fig. 1. Figure 1 in- 
dicates the comparative positions of 
the groups after equal total numbers 
of trials, but not after equal numbers 
of trials of the same type- For ex- 


-- 
ee e 
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PROPORTION OF A, RESPONSES 


t 2 а * 
BLOCKS OF TRIALS 


Fi, 1, P(A,T and P(Ar|T2) over 36-trial 
blocks for Groups I, II, and III 
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Fic. 2. P(Ai|Ti) and P(Ai|T2) over 
blocks of 18 T; trials and 18 Tz trials for 
Groups I, П, and III. 


ample, each point of the P(Ai|T1) 
curve for Group I (8 = 1/3) is based 
on 12 T; trials, while each point of the 
same curve for Group III (8 = 2/3) is 
based on 24 T; trials. То determine 
the effect of the method of dividing up 
the trials, the proportions were de- 
termined also for blocks of 18 Tı and 
18 Т» trials, and these are shown in 
Fig. 2. Figure 2 indicates the com- 
parative positions of the groups after 
the same number of trials on each 
stimulus, but after different total 
numbers of trials. All conditions can 
be compared up to the sixth block 
using this scoring method. 

Since there was no apparent reason 
for preferring one method over the 
other, all analyses were carried out on 
both sets of data, using the propor- 
tions from the ninth block in Fig. 1, 
and the proportions from the sixth 
block in Fig. 2. With a minor excep- 
tion, which will be noted below, the 
conclusions from both sets of analyses 
were identical. Therefore, only the 
results using the data from the ninth 
block in Fig. 1 will be presented in 
detail. The proportions, P(Ai|T) 
and P(Ai|Ts, for that block are: 
Group I, .870 and .551; Group II, 
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TABLE 1 


ANALYSIS OF VARIANCE OF P(Ai| T1) AND 
es P(Ai| T2) ON THE NINTH 
36-TRIAL BLOCK 


Source df MS Е 
roup (С) 2 27.69 ES 
Stimulus Response 3 246.52 == 
identification | 
G Pu 6| 20523| = 
4-S group (4-SG) 12 287.89 1.36 
S within 4-SG (5) |72 211.06 эшем 
Trial type (T) 1 196,078.26 | 366.03** 
GXT 2 | 2,182.16 | 8.31+* 
Linear 1 | 4,220.51 | 16.08** 
Quadratic 1 143.81 aae 
IX T 3| 16989| — 
GXIXI 6| 30170| 115 
сот 12| 26249| — 
SXT 72| 36703| — 
——— 


Note.— Percent scores were used. 
p x 0l. 


-941 and .469; Group IlI, .992 and 
443. 

An analysis of variance was per- 
formed on these scores, allowing for 
the effects of experimental group, 
stimulus-response identification, 4-5 
group, and type of trial (Т, or Т). 
The results are given in Table 1. 
'The effects of trial type and the 
Group X Trial Type interaction were 
highly significant, while no other 
effects approached significance. The 
Group X Trial Type interaction was 
further analyzed into linear and 
quadratic components, and only the 
linear component was significant. 
This indicates that the difference be- 
tween response proportions on T; and 
Т» trials is a linear function of the 
value of 8, for the values used in this 
experiment. Since there was no 
evidence for any differences among 
the 4-5 groups, the sum of squares for 
4-5 groups was pooled with the 5 sum 
of squares in subsequent analyses to 
achieve greater power. 

The difference among groups on T; 
trials only was investigated, using an 
F ratio based only on those trials, 
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The difference approached significance 
(F = 2.38, p = .10), and, when ana- 
lyzed into linear and quadratic com- 
ponents, the linear component was 
significant (F = 4.37, p < .05).? 

The data from the T; trials were not 
suitable for a similar analysis, as the 
proportions were highly skewed, es- 
pecially in Group 1114 A chi square 
analysis was used, dividing the Ss in 
each group into those giving 100% A: 
responses and those not doing 50. 
(Although this test is slightly biased 
against obtaining significance, since 
10075 means only 12 A, responses in 
Group I and 24 A, responses in Group 
III, the results using the data from 
the sixth block in Fig. 2, where no such 
biasexists, were thesame.) The differ- 
ences were significant (x? = 8.67, 
Р «.05) А further chi square test 
was performed, using data from 
Groups I and III only. This seemed 
to be a reasonable equivalent to the 
analysis of variance test for the 
significance of the linear component 
on the Тз trials, since the linear com- 
ponent for three groups is a function 
of the difference between the means of 
the two extreme groups. The differ- 
ence between Groups I and III was 
highly significant (x? = 8.58, p < .01)- 


Discussion 


The results clearly do not support the 
use of the Burke and Estes discrimina- 
tion learning model in interpreting this 
experiment. Although P(Ai| T1) on the 
last block of trials appears to be a linear 
increasing function of B, as predicted, 


*Using the data from the sixth block in 
Fig. 2, both the differences among groups aud 
the linear component of the differences were 
significant (p < .05). n 

* This skewness does not affect the оуега 
analysis of variance, as the distributions 
relevant for that analysis are the distribution 
of the average of P(A;| Ti) and Р(А, |Т) ап 
the distribution of the difference between 
them. 
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P (Ài|T:;) is a linear decreasing function, 
Contrary to the prediction, for the values 
of B used. The two trends are apparently 
about equal in magnitude, since the 
average of the two proportions does not 
differ significantly among groups (as 
indicated by the nonsignificant group 
effect in the overall analysis of variance), 
and, in fact, is almost identical for the 
three groups (.710 for Group I, .705 for 
Group II, .717 for Group II). Accord- 
ing to the model, the average of the 
Proportions should be a linear increasing 
function of B. Finally, the difference 
etween the two proportions, which 
according to the Burke and Estes model 
Should be equal for the three groups, 18 
a highly significant linear increasing 
unction of £, as indicated in the Group 
Trial Type interaction effect in the 
analysis of variance. | 
It should be pointed out that, since 
is experiment was designed primarily 
to test predictions from a model and not 
а5 а parametric study, only three values 
of B were used, and therefore many types 
9f departure from linearity could not be 
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detected. Nevertheless, within these 
limits, the systematic way in which the 
data deviate from the predictions should 
encourage further theoretical analysis of 
this discrimination learning situation. 
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EFFECT OF AN ANCHOR STIMULUS ON THE 
STIMULUS GENERALIZATION GRADIENT! 


LEO 
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University of Chicago 


Rhesus macaques were trained to 
chromatic hues 150 ти apart in v 


wave length, 
sented through contact lens diffusers. S 


Press a key differentially to 2 mono- 
The stimuli were pre- 
was presented under a 15-sec. 


variable interval schedule of positive reinforcement (5% sucrose solu- 


tion) and S^ was presented under 
schedule. Generalization was meas 
in 20-ти steps. The generalizatio. 


stimulus exposure and a 10-min. 
stimulus exposure, Ss sat i 
the contact lens diffusers, 
was found that when stimulus ex) 
ти above and below 52, res 


was consistently enhanced at Sd, 


Generalization refers to the tend- 
ency of organisms to maintain re- 
sponse levels when a training stimulus 
is replaced by a similar stimulus. 
Psychophysical studies (e.g., Helson, 
1947) have shown that the context 
in which a stimulus is presented can 
modify its similarity, as estimated 
verbally by human Ss. Consider this 
example of successive contrast: two 
stimuli are verbally estimated to be 
more similar to one another when a 
third stimulus, an extreme value, the 
so-called anchor, is presented. If the 
generalization gradient is a reflection 
of stimulus similarity, it is reasonable 
to expect that it can be modified when 
the generalization stimuli are pre- 
sented in such differing contexts. 

Successive contrast has been meas- 
ured with a behavioral index by Pav- 
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National Institutes of Neurological Diseases 
and Blindness of the National Institutes of 
Health, United States Public Health Service. 
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course of the investigation. 
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of California, 


n the primate chair, 
and exposed to a repeating cycle of hues. It 


a 15-sec. delay-of-reinforcement 
ured to the intervening hues, covered 
n testing was preceded by 1 hr. of 
period of dark adaptation. During 
head restrained, wearing 


Posure consisted of colors within 20 


ponse rate during generalization testing 


lov and his colleagues (1927) in ox 
periments on positive and cage 
induction. In positive induction, the 
repeated application of CS- led to S 
Increase in the response to o 
Gewirtz, Jones, and Waerneryd (1956) 
have shown sequential effects of ote 
posure to one series of stimuli upon 
the generalization gradient elicited by 
a subsequent series. The gradient 
was steeper on the side of the stimulus 
dimension close to the previous series 
and the gradient mode or peak ач 
shifted away from this previous series. 
Hanson (1959) and Pierrel and Sher- 
man (1960) have reported generaliza- 
tion gradients whose peaks are dis- 
placed from St in a direction away 
from S4, This peak shift is more pro- 
nounced the closer S4 and S^ are on 
the continuum. In the studies of 
Reynolds (1961a, 1961b) and Reyn- 
olds and Catania (1961), the intro- 
duction of S^ has been found to in- 
uce a rise in S4 responding, a phe- 
nomenon they term behavioral contrast. 
he present study continues the 
analysis of the effects of stimulus ex- 
posure on the generalization gradient. 
Specifically, the range and locus of 
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this stimulation are varied relative 
to the training stimuli. In two series 
of experiments, rhesus macaques are 
trained to discriminate a pair of 
Monochromatic stimuli. The Ss are 
then exposed to successive series of 
cycled monochromatic stimuli under 
extinction, but not in a discrimination 
Setting. They are tested for general- 
ization following such stimulation. 


GENERAL METHOD 


Subjects.—Six preadolescent Macaca mu- 
alla and Macaca radiata—Fo, Ha, Ch, Ka, 
0, Na, and Bu—served as experimental Ss. 

ese animals had acquired a number of 
Previous wave-length discriminations (see 
Ganz & Riesen, 1962). 

Conditions of rearing.—During the course 
of the experiment, visual stimulation outside 
the experimental situation was excluded by 
Tearing the Ss in the laboratory darkroom. 
(See Ganz & Riesen, 1962, for further details 
of rearing. 

The E were maintained on à 22-hr. 
Unger-thirst drive. Their diet was com- 
Prised of approximately 100 gm. Purina 
Monkey chow per kg. body weight immersed 
in water, Key pressing was the behavioral 
index under analysis. Reinforcement con- 
Sisted of 3-4 drops of tube-fed, 5% sucrose 
Solution. | 

Abparatus.—Two similar primate chairs 
Were used: one for stimulus exposure sessions 
and one for training and testing sessions. 
"hese chairs allowed control over the proximal 
Stimulus, i.e., the stimulus as it impinges on 

€ receptor surface. The training and testing 
chair was inside a light-tight cubicle (Ganz & 

lesen, 1962). The chair included m 
ments for restricting the animal's head and a 
Deckboard which prevented the animal from 
touching his face; these restrictions mai 
tained him in the chair, but allowed a е е 
Variety of movement by the rest of the body. 

beam of monochromatic illumination im- 
Pinged on the animal's left eye. The training 
and testing chair differed only in that it ш 
tained, in addition, а manipulandum—a ey- 
Operated microswitch—which was located in 
front of S and under the neckboard. When а 
reinforcement was available, a key press 
activated a solenoid valve for 1 sec. This 
released 3-4 drops of 5% sucrose solution, 
directed to the animal's mouth via a tube. 

During the experimental session, Ss wore 
Contact lenses over their eyes (Ganz & 
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Riesen, 1962). These diffusers were intro- 
duced to prevent S from exercising any 
receptor orienting or "observing" responses. 

A set of condensing lenses focused the 
filament of a 300-w. projection lamp onto the 
aperture of the cubicle. This was in turn 
focused as a }-in. diameter disc on the surface 
of the contact lens. Bausch and Lomb inter- 
ference filters Series 33-78 were interposed in 
this optical path to select 8-ти half-band- 
widths of monochromatic light from 449 to 
631 mp, in 10-ти steps. In addition, a 
Kodak Wratten gelatin filter No. 8 absorbed 
third-order interference peaks in the violet 
and blue regions present with filters of peak 
transmission above 500 ти. Polarizers were 
partially crossed and interposed in the beam 
to approximate an equal luminosity spectrum 
for the human. А Macbeth illuminometer 
was used in a heterochromatic reading of the 
illumination at the surface of the white 
contact lens. The 567-mg stimulus projected 
12.4 ft-c of illumination. 

These filters were maintained on a wheel 
which could be made to present a sequence of 
colors automatically. White noise was fed 
to a 12-in. speaker above S’s head. This 
further masked cues from the sequencing and 
recording apparatus outside the cubicle, itself 
sound-insulated. 

General daily procedure.—' Training and 
testing was administered 6 days a week. The 
Ss alternated in their daily order. Each .S 
was given first а 60-min. stimulus exposure 
session in one of the primate chairs, within one 
cubicle and then a 30-min. training and 
testing session in the primate chair in the 
second cubicle. 

The S was carried from his darkroom cage 
to the stimulus exposure chair in a light-proof 
box. In the experimental cubicle he was 
placed in the chair, the two contact lenses, one 
opaque over the right eye and a diffuser over 
the left eye. А shutter was then opened 
permitting the stimulus beam of light to 
illuminate the contact lens. The E then left 
the cubicle and set the control apparatus in 
operation. A slowly rotating wheel contain- 
ing four interference filters now exposed the 
animals to repetitive cycles of colors, varying 
in range, for 60-min. periods. Each of the 
stimuli came on for 2 sec. with 1-sec. intervals 
between stimuli. At the end, S was trans- 
ferred via light-proof box to the second 
primate chair and similarly installed, again 
in the absence of light. The next S was now 
installed in the first chair. It required ap- 
proximately 10 min. to complete the transfer 
of Ss. Since Ss were deprived of light during 
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GROUP I 


TEA AJ 
4 POST-EXPOSURE 


PRE- 
EXPOSURE 


AVERAGE NUMBER OF RESPONSES 


500 


600 


MILLIMICRON S 


Fic. 1. Average number of res 


Ss as a function of the w. 


transfer, the transfer period constituted a 
10-min. dark adaptation period. 
In the second chair, the testing chair, Sè and 
S^ alternated in irregular sequence. The 
stimulus-on period was 15 sec. and the -off 
period was 5 sec. Key presses during S4 
yielded reinforcement on a 15-sec. VI schedule, 
During the stimulus-off period and during 
S4, key presses prolonged S? for 15 sec, 
Design.—A series of seven (Exp. I) and 

eight (Exp. II) generalization stimuli (GSs) 
covered the S4 to S^ range in approximately 
equal steps. One such Series was presented 
daily. Order of presentation within a series 
was predetermined by a balanced design. A 
series of seven or eight GSs on a testing day 
was broken down into an initial four GSs, 
given immediately after 5 was seated in the 
testing chair and another three or four GSs 
given after 13 training trials had intervened. 
This was followed by sufficient training trials 
to complete a 30-min. session. The GSs were 
administered on alternate days under extinc- 
tion and under a 14-sec. VI schedule of 
positive reinforcement. 


Ponses per sti; 
ave length of the generalization Stimulus: Exp. I. 


mulus presentation emitted by individual 


ExPERIMENT I 
Method 


The 6 Ss Were divided into two groups. 
Group I comprised the 3 5s (Aj, Bu, Ka) who 
formerly had had. iscrimination training 
involving the following stimuli and values, in 
millimicrons Wave length: sa — 449 vs. 

$409; 5% = 567 vs, $a .. 509; S4 = 567 
vs. S* = 631, This group Was trained with 
the values: S4 = 449 vs. 54 = 631 Group П 


(Fo, Ch, Ha) who had had 


mina ining involvin, the follow- 
Ing stimuli and values: S1 s 


= 509 vs, Så = 449; 
i309 vs.S^ = 567; cu. 631 уз. S^ = 567. 
This group was now trained with the values 
= 631 уз, Så = 449, 
hen discrimi at 
all Bib Welt ton training was begun, 


22 » because of their former 
training, already responding to S4, and at a 
ower rate to 54 and to the blackout period. 
Training Sessions were continued until cri- 
terion level was attained. The criterion of 
discrimination learning was met if more than 
100 responses Were emitted during a session 
and more than 80% of them during S4, over 
2 consecutive days. 
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During generalization testing, eight suc- 
cessive runs were administered over a period 
of 8 days. A run was made up of 1 hr. of 
stimulus exposure in the exposure chair, then 
10 min. of dark adaptation during the transfer 
Operation, and then a 30-min. fest session. 
The stimulus exposure hour was composed as 
follows: during the first 3 days, no stimuli 
Were presented during the stimulus exposure 

our, i.c., the Ss were in darkness; during the 
last 5 days, the stimuli 443, 457, 469, 489 mu 
Were cycled, repetitively, and in that order for 

hr. The test session was made up of the fol- 
owing progression of stimuli: four training 
Stimuli S4 and S4; four generalization stimuli 
in the order 567, 509, 449, and 604 ти pre- 
sented under extinction ; 13 training trials with 
d and S^; the three generalization stimuli 
483, 631, and 540 ти; retraining to com- 
Plete а 30-min. session. 


Results 


The gradients were collected adding 
Sach S's total number of responses 
emitted in the presence of each gen- 
eralization stimulus over the first 3 
test days (blackout stimulus exposure) 
and over the last 5 days (blue stimulus 
exposure). The gradients were then 
made comparable by dividing the 
totals by the number of test days. 

These gradients are depicted in Fig. 

Group I, whose S4 adjoined the 

lue colors of the exposure hour, did 
Not show any consistent effect. Group 
І, whose $4 adjoined the colors of the 
exposure hour showed consistent re- 
sults in the 3 Ss: there is а depression 
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in response rate near S^ and an 
enhancement in response rate near 5%. 


EXPERIMENT П 


The first experiment had suggested 
that the effect of stimulus exposure 
on the generalization gradient de- 
pended on the location of the exposure 
stimuli relative to the 5% and the Sê. 
The position of the stimulus exposure 
series on the stimulus continuum 
was the parameter of the second 
experiment. 


Method. 


The stimulus exposure cycle for both 
Groups I and II was located as follows: near 
S4, near 52, covering the middle range be- 
tween 5 and S^, covering the whole range 
from S! through and including S^, and placed 
at a distance from the S1 to S? range (anchor 
condition), in addition to a no-exposure 
condition; viz., darkness. 

The same Ss were used, with Bu excluded 
midway in the series because of illness. 
Group 1, which had been trained to dis- 
criminate S? = 449 ти from S^ = 631 ma, 
was now transferred to S! = 449 mg vs. 
Sê = 610 ши; Group II which had been 
trained to discriminate Sè = 631 ти from 
S^ = 4490 туи, was now transferred to 
54 = 610 mz vs. S^ = 449 mu. This transfer 
occurred readily in all cases and little addi- 
tional training was required to bring the Ss 
to their former criterion level. 

Each day, a 1-hr. stimulus exposure period 
was administered, then a 10-min. dark 
adaptation period during chair transfer, and 


TABLE 1 
SUCCESSION OF HUES DURING THE STIMULUS EXPOSURE CYCLES 
F Order of Presentation 
g Hus 1 | 2 | 3 4 5 | 6 | Etc; 
1 N No Visual Stimulation 
о 
в 457 483 503 443 457 
2 | Blue а | Gs | вю | 588 | 631 | 65 
1 | Yellow-Green] 519 Sao | sot | 580 | 519 | 540 
5 Broad range | 625 580 540 483 625 580 
3 dms 740 700 660 636 740 700 


® Peak transmission of monochromatic filters in ma. 


See text for filter characteristics. 
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-min. testing and training session, 
БОЛТ oie en iid A stimulus exposure 
pem Mos presented over 8 successive days. 
The entire experiment consisted of six types 
of cycles, 8 days each, to produce a total of 48 
successive days of exposures and generaliza- 
tion testing. The manner in which the cycles 
were composed and ordered is Shown in 
Table 1 for both groups. These stimuli were 
cycled as in Exp. I. . 
Following the exposure hour and during 
the 10-min. dark adaptation period, S was 
transferred to the testing chair. The $ was 
then given four generalization tests, then 13 
training trials, another four te 
sufficient retrainin; 
session. For all 
orders of presentation 
the GS (in ти): Days 


А p , retraining; 
Days 3 and 4: 588, 546, 469, 527, retraining, 
509, 610, 489, 567, retraining; Days 5 and 6: 
567, 489, 610, 509, retraining, 527, 469, 546, 
588, retraining; Days 7 


567, retraining, 588, 546, 469 


Results 


Gradients of 


stimulus generaliza- 
tion were again 


collected by adding 


TABLE 2 


ANALYSIS or VARIANCE О] 


F GENERALIZATION 
GRADIENTS FOLLOW: 


ING STIMULUS 


EXPOSURE 
Source df MS F 
Groups (G) 1 | 10,840.6 3.65 
Xposure (E; 5 380.9 <1.00 
Stimuli (S) 7 642.9 <1.00 
СХЕ 3| 13342 2.80 
GXS 7 | 10,6024 9.32** 
EXS : 35 133.8 2.11** 
GXExs 35 115.4 | 1.82% 
Error (b) 3| 2,952.8 Е 
Error (w), 15 476.7 
Error (w), 21 1,137.3 
Error (w); 105 63.5 
* -05. 
=b 5509 
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TABLE 3 


INTERACTION ANALYSES OF VARIANCE 
OF GENERALIZATION FOLLOWING 
STIMULUS EXPOSURE 


E /cle: 9 F 
кошы cles MS 
" 170.8 2.70* 
i 4 28.9 «1.00 
ljvs. 4 10.8 к 
уз. 5 27.2 сыр» 
Lvs. б 392.0 Пай 
2'vs. 3 190.0 3:00 
3ivs. 4 48.3 <10 
4 уз. 5 22.0 «100. 
Sivs. 6 346.0 544 


" data 
Note.—Error (w); term from analysis оп. ра 
was used to compute the F ratios (see Та 
*p < .05. 


ud M 


the total responses of each 5 in E 
Presence of each GS, summed 2 Wes 
8 days within each cycle of ge 
lus exposure. These gradients wer 
Subjected to an analysis of variance 
with one between-group comparison 
roup I vs, Group II) and а 
within-Ss comparisons (exposure cycle 
and stimuli), The results are given 
in Table 2, Any effect on gradient 
slope of the stimulus exposure кч 
ment common to both groups wou li 
Contribute to an Exposure X Stimuli 
interaction of sum of squares (SS), 
Which in this case proved significant, 
F (35, 105) = 241, p< .01. Any 
effect of the stimulus exposure treat- 
ment different in its direction from 
тоир I to Group II would contribute 
the Exposure X Stimuli X Groups 
interaction 55, This term also proved 
to be Significantly above chance levels, 
F (35, 105) = 1.82, p < .05. It can 
€ concluded that the cycles of stim- 
ulus exposure had different effects 
9n the stimulus generalization. gra- 
ient, from Cycle to cycle, depending 
9n the composition of the cycle, and 
Tom group to group, depending on 

the Position of the Sd and S^, 
© next analyze which cycles 
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modified the gradient. We do this 
by examining the Exposure X Stim- 
uli interaction. term for individual 
pairs of exposure cycles. This is 
Shown in Table 3. The upper part 
of the table depicts the interactions 
of each cycle of stimulus exposure 
With Cycle 1, no exposure, presum- 
ably a neutral stimulus exposure with 
Tespect to a hue continuum. The 
lower part depicts the SS resulting 
from comparisons of successive pairs 
of cycles. The comparison of suc- 
cessive pairs provides some control 
Over the effect of order of testing per 
зе. From Table 3, it is clear that 
the stimulus exposures were not 
€qually effective in modifying the 
&radient of generalization. The sig- 
nificant treatments seemed to come 
from Cycles 2, 3, and 6, where the 
exposure stimuli were near S', near 

^, or entirely outside the 5% to Ea 

Tange. The ineffective cycles in- 
Volved stimuli placed symmetrically 

etween S! and S^. 

„The generalization gra 
dividual Ss are depicted in 
and 3, Considering GrouP 
We see that in Сус 

5 give crudely bel 
from the 610-mp S? in the 
the 460-my S^ in the blue. 


dients of in- 
Fig. 2 
I first, 


le 1 (no exposure) 
I-shaped gradients 
orange to 
An aver- 


N 
~ 
- 


age gradient (dashed line) from all 
cycles combined is also shown for 
comparison. In Cycle 2, Ss were 
repeatedly exposed to stimuli in the 
blue region, ie., a small range of 
stimuli in the S^ locus prior to gen- 
eralization testing. The effect of such 
exposure is to raise response rate near 
S4 Compare, for example, the post- - 
exposure gradients of Cycle 1 and 
Cycle 2. This replicates, in the same 
Ss, the findings of Exp. I. During 
Cycle 3, Ss were exposed to stimuli 
in the red region, i.e., a small range 
of stimuli in the S! locus. The effect 
is not consistent. Cycles 4 and 5 
effects were not statistically sig- 
nificant. Cycle 6 comprised hues far 
into the red region. The stimuli did 
not overlap the Sè to S^ range. The 
effect is clearly a depression in re- 
sponse rate at 5* and some rise in 
rate at S^. Hence in Cycle 6 the 
gradient is shallower. 

Turning to Group II, represented 
in Fig. 3, we see that Cycle 2, in the 
blue region but now at the S? locus, 
depresses response rate near SoG 
will be recalled that the same blue 
exposure near S^ in Group I had an 
enhancing effect on response rate 
аё 5% 

Cycle 3 involved stimulus exposure 


ANCHOR 
EXPOSURE 


$0 


MILLIMICRONS 


EXPOSURE 
NEAR S 
ш 75 
үс 
q 
Es 
Ej vhi \ 
5 EXPOSURE 
“= NEAR SO 
x 
X 25 
x 
a 
S 100 
Fic. 4, Relative gene 


Position of the preceding st 
9f the 5 Ss.) 


ralization as а function of wave-len| 
imulus exposure session. 


gth distance from S? and the 
(Average taken over the relative gradients 
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in the red region, near S^ for Group 
II. Both Ss changed their gradients 
in the direction of enhanced respond- 
ing near S? (compare Cycle 2). 
Response rate at S^ was reduced. 
This result is in many respects similar 
to the Cycle 2 findings for Group I 
and to the Exp. I results for Group II. 
In all these cases, (а) the exposure 
stimuli were in the S^ region of the 
spectrum; (b) response rate was en- 
hanced at Sł; (c) response rate was 
depressed at S^; (d) generalization 
was steeper between S? and S^. The 
combined relative gradients of Ss of 
Groups I and II are shown in Fig. 4. 
Cycles 3 and 4 did not contribute 
significant interaction .5.55 and so will 
not be discussed. In Cycle 6, stimu- 
lus exposure was completely outside 
the S? to S^ range, but nearer to S^ 
for Group II. One S showed a drop 
in response rate and little effect at 
S^. The other S showed a rise in 
response rate near S^ and little effect 
at S*, The gradients were shallower 
for both Ss. The Ss in Groups I and 
II seemed to have generalized with a 
more shallow gradient following Cy- 
cle 6, the anchor exposure (see Fig. 4), 


Discussion 


This study reports effects on the 
generalization gradients not unlike those 
which have been reported in psycho- 
physical experiments. They, along with 
other recent findings (Honig, Thomas, 
& Guttman, 1959; Reynolds, 1961a, 
1961b) suggest that the excitatory and 
inhibitory potentials a stimulus evokes 
are not independent of the stimulus con- 
text in which that stimulus appears. 
The studies cited in the introduction 
(Reynolds, 1961a) have shown that ex- 
posure to stimuli in the S^ region, under 
extinction, can have the paradoxical 
effect of enhancing response strength at 

d around the generalization gradient 
uen 51, Since the gradient i 18 
S^ is thus steeper, we are justified in 
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saying 5% and S^ are functionally more 
dissimilar in their control of behavior. 
It is in this sense that we speak of 
successive contrast. ; 

A survey of traditional mechanisms 
shows they are not sufficient to account 
for the phenomenon: E 

1. In the customary discrimination 
situation, the probability that the 
next stimulus is an S4 is positively cor- 
related with the length of the run of 
immediately preceding S4s. Thus, length 
of 52 run could, itself, acquire cue pro- 
perties. This would enhance respond- 
ing following exposure to many 5%. 
It would not enhance response strength 
as selectively as has appeared here. 
Furthermore, such an S^ exposure was 
present in the Cycle 1 condition, the 
blackout control where no visual 3700 
ulus was presented. Reynolds (19612. 
has found contrast effects following such 
a blackout. But the contrast phe- 
nomenon described here is in addition 
to any following blackout. — 

2. Selective receptor adaptation: у; 
presentation of ап S^ such as hue de- 
saturates S^ and increases S? AT 
if they are sufficiently separated. EL. 
might increase 51 response strength. 
It is precluded here because p 
from light adaptation was аПоме 
reach asymptote. А 

3. Is Pe i simply a manifestation 
of reflex reserve? Responses ташыр 
by the control exerted by S^ might 
emitted during Sd, Thus, a long run M 
S^ presentations would pile up response 
during the immediately following >, 
Reynolds (1961a) has shown XD 
mentally that this is not the critica 
variable in behavioral contrast. n 
excluded here for the reasons alreacy 
considered in Section 1 above. | 

4. What are the reinforcement. wA 
of preceding generalization testing у 
exposure to a range of stimuli? Mos 
likely they are inhibitory. During stim- 
ulus exposure, S is shown stimuli under 
extinction. There is no manipulandum 
present, but some mid-air key presses 
probably occur. In fact, on a number of 
occasions, E joined S in the sumu 
exposure cubicle and observed suc 
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abortive key presses. Since no reinforce- 
ment followed, negative habit strength 
Could well have accrued at the exposure 
Stimuli. Suppose positive and negative 
habit strength generalizes and sums, 
roughly as Hull (1943) has described it. 
ccrual of additional negative habit 
Strength as S^ would generalize to 5% 
and, if anything, reduce total effective 
response strength at 5%. It would ob- 
Viously never enhance it. Thus, the sum- 
mation model of generalization behavior 
Cannot account for the successive con- 
trast phenomenon (Reynolds, 1961b). 
The effect of extinction is, neverthe- 
less, present. It is superimposed on the 
Successive contrast phenomenon. Con- 
Sider the Group II results, the Blue 
Xposure in Fig. 3; here a lengthy stim- 
ulus exposure at Sè depresses response 
rate at Sd, The same occurs in Group T; 
Where the Anchor Exposure is near S 
ut there is no contrast effect at St. 
hen, in Cycles 4 and 5, where the ex- 
Posure is between S? and S$, we find 
Occasional drops in response strength 
etween Sd and Sê. Again, however, 
there is no contrast effect at 5%. Finally, 
When the stimulus exposure is at >» 
there are occasional drops in response 
Strength at Sê. This condition also 
enhances response strength at Så, Thus, 
aS expected, inhibitory potential appears 
Maximal at the locus of the stimulus 
exposure, But, contrast is only present 
When the exposure and test stimuli are 
Sufficiently separated. The two effects 
Sum, but must be independent. — 

t is suggested here that the stimulus 
Seneralization gradient is sensitive toa 
Successive contrast mechanism, (e.g 

elson, 1947). The effective position 

a stimulus on а continuum 15 not 
absolute, but is relative to the population 
f stimuli currently sampled. For ex- 
ample, Reynolds (1961a) has concluded 
Such a contrast phenomenon determines 
the potency of the reinforcing stimulus, 
Зе; "The frequency of reinforcement in 
the presence of a given stimulus, relative 
0 the frequency during all of the stimuli 
that successively control an organism s 

ehavior, in part determines the rate of 
responding that the given stimulus 
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controls [Reynolds’ italics]" (p. 70). 
Our results suggest that 5 and S^ are 
similarly prone to successive contrast. 
The presentation of an anchor stimulus 
appears to displace the apparent loca- 
tion of a test stimulus away from that 
anchor. So, where the anchor exposure 
is at S^, it makes the S4 function as if 
it were further from Sê. Because of the 
peak shift (Hanson, 1959), response 

strength is enhanced at the displaced 5%, 

Such a contrast effect is dependent on the 

location of the exposure stimulus on the 

54 to S^ continuum, just as the effec- 

tiveness of an anchor is greater when it is 

sufficiently separated from the test 
stimulus. 
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APPROACH, OF AVOIDANCE, AND OF APPROACH 
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1 group of rats was trained on approach (plate press to obtain food), 
a 2nd group was trained on avoidance (bar press to prevent shock), and 


a 3rd group was trained on both 


criminative stimulus was a 3500-cps tone. 


stimulus generalization, it was fo 


responses. For all 3 groups the dis- 
During subsequent tests for 


und that approach generalized more 


broadly than avoidance, but Ss learned to discriminate more rapidly for 


approach than for avoidance. In 


the tests during approach-avoidance 


conflict (Group 3), displacement was observed despite the fact that the 
gradient of approach was higher everywhere than the gradient of avoid- 


ance. While the results conform 
of displacement, they also indicate 


to certain features of Miller's theory 
the need for revisions. In particular, 


they suggest that conditioned suppression plays an important role in 


determining behavior during confl 


There is today a sizeable literature 
in the area of stimulus generalization 
and also in the area of discrimination 
(Kimble, 1961; Mednick & Freedman, 
1960). However, as yet there have 
been no studies which have examined 
and compared both of these phe- 
nomena when the relevant behavior 
was under aversive, as opposed to 
appetitive, control. One purpose of 
the present research was to examine 
the gradient of stimulus generalization 
and the subsequent acquisition of an 
absolute discrimination when the rele- 
vant response permitted the 5 to 
obtain food (approach) and when the 
relevant response permitted the S to 
prevent electrical shock (avoid). A 
second purpose was to examine these 
processes when the two responses 
(approach and avoidance) меге under 
the control of a single stimulus and 
hence in conflict. Р. 

In addition to providing informa- 
tion about discrimination learning 
under aversive, as opposed to non- 
aversive controls, these experiments 
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qn 
provide an arena for assessing Miller's 
(1959) theoretical treatment of psy- 
choanalytic displacement. According 
to the theory, a response may be ae 
placed to some other stimulus, if the 
original stimulus exhibits a ae 
tendency to also elicit an incompatt 
response, and if the таче ч 
generalization for the {сор 4 
response falls more rapidly than ia 
the generalization. gradient for t B 
original response. Under these con it 
tions the original stimulus may es 
the incompatible response, whereas i 
stimulus on the wing of the generaliza 
tion gradient may elicit the repo 
that initially was appropriate to the 
original stimulus. In Miller's tere 
the response is displaced to a nev 
stimulus. b 
А considerable body of research y 
Miller and his associates (Miller, 
1959) has provided empirical CMT 
firmation of the major theoretica 
predictions and has also yielde 
support for several of the assumptions 
upon which the theory is based. 
However, in none of the research to 
date, has it been possible to assess the 
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etis 
timuli consisted of pure tones W 
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&radients for both the original and in- 
compatible responses during the con- 
flict phase of the work. The present 
Sequence of studies was designed to 
Provide this information. 


GENERAL METHOD 


| Subjects. —The Ss were 25 female rats of 
Sprague-Dawley stock. They were ap- 
Proximately 90 days old at the start of the 
research, E 
Apparatus—The experimental chamber 
Was a sound insulated Skinner box fitted 
With a one-way vision observation port. In 
the middle of the front wall was a food well 
Г Which reinforcement, in the form of Noyes 
kood pellets, could be delivered. On either 
Side of the well was a manipulandum. To the 
right was a bar of .25 X .75 in. aluminum 
Which Projected 1.5 in, into the test chamber 
a height of 1.5 in. and which actuated a 
e Croswitch when a downward force of 20 gm. 
vas applied, At the left, 1.5 in. above the 
Rrid floor, was а plate (1.5 in. square) which 
Protruded .5 in. from, and was parallel to, 
1е front wall, When a horizontal force of at 
ah 15 gm. was applied perpendicular to the 
k ate, it actuated a second microswitch. The 
ireuitry was such that a response (either bar 
Press or plate press) was defined as the initial 
Slosure of the corresponding microswitch. 
105, holding responses had no effect on the 
rogram, —— 
ше lhe aversive stimulus, electrical shock, was 
йепега ќе on a Foringer unit. This device 
Corporates a 250,000-ohm resistance in 
“ties with the animal. The walls, the food 
E the manipulanda, and the grid floor 
A Te wired to carry the shock and during 
ck, the polarity of the grid bars, the 
wanipulanda, the food well, and the walls 
ieee Continuously scrambled so as to make 
authorized escape highly improbable. 


all experiments the discriminative 
hich were 


PT 6 A tape 


Programed through a Magnecord Я 
the acoustic 


Corder. By tape recording 
metals, it ias posita to arrange that all 55 
niccived identical stimuli during the several 
Phases of their training and testing and also 
$i | гтапде the tones (through appropriate 
fo icing techniques) so that their onsets were 
RE transients. A system of timers, 
se DPers, and relays was used to establish the 
кога] contingencies between stimuli, plate 

asses, bar presses, electrical shock, and food 
The action of this system 


s 


n 
“Inforcement, 
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was coordinated with the prerecorded se- 
quence of acoustic signals by means of a 
sensitive relay which was actuated by the 
electrical output of the tape recorder. Acous- 
tic signals were delivered to the S through a 
5-in. speaker mounted in the back wall of the 
chamber. Out of a second speaker, mounted 
at the side, unfiltered white noise was con- 
stantly presented at 60 db. SPL so as to mask 
sounds having external origin. АП of the 
acoustic signals used in the present research 
were equated for intensity. To do so, they 
were recorded on magnetic tape at a level 
which, during playback, yielded a reading of 
80 db. SPL on the C (flat) scale of a General 
Radio sound level meter when the meter 
microphone was placed in the center of the 
experimental chamber and the masking noise 
was on, 

An Esterline-Angus 20-channel operations 
recorder documented all stimuli, bar pres: 
plate presses, food reinforcements, and shocks. 
A Standard Electric timer was used to record 


latencies, 


EXPERIMENT |: ASSESSMENT OF 
GRADIENTS OF APPROACH 
AND OF AVOIDANCE 


Method 


Training on approach.—Five Ss, main- 
tained at 8095 of their previously determined 
free feeding body weight, and deprived of 
food for 24 hr., were trained to press the plate 
for food in the presence of a 3500-cps tone. 
Each tone lasted 5 sec. and the programing 
circuit was arranged so that only the first 
response to a given tone could yield reinforce- 
ment. The interval between tones was 
variable, ranging from 20 to 50 sec. with a 
mean of 35 sec. In order to sharpen the 
discrimination between the presence and the 
absence of tone, the programing circuit was 
also arranged so that responses in silence, 
which occurred within 5 sec. of the scheduled 
onset of a tone, prevented the occurrence of 
that tone. 

When plate press to tone was well devel- 
oped, the percentage of tones yielding rein- 
forcement was gradually reduced from 100% 
to 40%. On each session, 70 tones were 
presented and for each S, training was con- 
tinued until a performance was exhibited in 
which over two consecutive sessions, responses 
occurred to at least 98% of the total number 
of tones and responses in silence were negli- 
gible (less than three per session). The 
attainment of this behavioral requirement 
involved an average of 15 sessions. 
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Testing on approach—Because the fre- 
quency response of the tape recorder dropped 
off sharply above 4000 cps, it was eee ey 
to restrict the tests for stimulus generalization 
and discrimination to tones having frequencies 
at 3500 cps and below and hence to limit 
the tests to one side of the gradient. In an 
effort to equate roughly sensory differences 
among stimuli, the frequencies of the tones 
employed in the tests were spaced approxi- 
mately one log unit apart. These tones had 
the following frequencies: 3500, 2280, 1500, 

1000, 670, and 400 cps.? 

During testing, the tones were presented 
singly and in random order with the following 
restrictions: cach series of stimuli contained 
three tones at 3500 cps (the Sp employed in 
training) in addition to each of the five new 
test frequencies, Within each series of eight 
stimuli, two of the three 3500-cps tones were 
programed to yield food reinforcement. 
During the tests, the tones were presented at 
intervals ranging from 30 to 50 sec. Test 
sessions were run daily. In each test session, 
the sequence of eight tones appeared 12 
times, each time in a new random order. 
Testing was run for a minimum of 10 sessions 
and was terminated when the 5 exhibited a 
near perfect discrimination between the tone 
used in training (3500 cps) and the other test 
frequencies. The criterion for terminating 
the test process was a session in which the .5 
responded no more than once to the 2280-cps 
tone (i.e., the tone closest to the Sp) while 
maintaining the response to the Sp. 

Tests were conducted in this fashion for 
several reasons. First, the occurrence of 
reinforcement for the Sp during testing would 
be expected to prolong the test process and 
thus increase the stability of the measures. 
By continuing the tests until discrimination 
was nearly perfect, it would be possible to 
determine whether or not the physical 
differences among the stimuli exceeded the 
sensory jnd. In addition, this operation 
would make it possible to examine the process 
by which the discrimination developed. 
Finally, the technique would help to maintain 
the behavior that had been developed during 


t the start of this research, the in- 
vestigators felt some concern as to whether 
the rat could actually hear pure tones with 
frequencies as low as 400 cps. Pilot work, 
however, ealed that they could: when 
rats were trained on approach using a 400-cps 
tone as the Spand tested at higher frequencies, 
their gradients were ннат А "iid 
images of those reported for approach in the 


r 
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training. The maintenance of such control 
for the Sp seemed to be of special importance 
in assessing the gradients of approach and 
avoidance during conflict, for if either of the 
conflicting response tendencies with respect to 
the Sp was permitted to dissipate, or even 
change v. much during the tests, it would 
greatly complicate the interpretation of the 
results, 

Training on  avoidance.— l'en 
maintained on a free feeding diet, were tanghi 
to press the bar to avoid electrical shock, the 
signal for which was the same 3500-cps pons 
which had been used to train approach. The 
average shock level was 100 v. + 15 v when 
measured across the bars of the grid floor 
As in the experiments on approach, the tones 
appeared on an average of once every 35 аа 
However, in this phase of the work, shock was 
programed to appear 4 sec. after the onset а 
tone and both the tone and the shock Убу 
programed to remain on until terminatec x 
а bar press. A bar press during the en 
warning period terminated the tone Ye. 
prevented the occurrence of the Bed 
shock. Thus, every tone was ассотрап $ 
by either an avoidance response or an escar 
response. . 

То facilitate comparisons with the data m. 
approach, it was desired that m odas Fes 
achieve a high level of performance prai to 
testing. For this reason, Ss were кеци ed 
meet a criterion of 90% of the shocks avoi 
on each of three consecutive sessions. saat 

Only 5 Ss were able to reach this xe 
and they required an average of 24 de first 
to do so (35 trials per session for the s 
10 sessions and 70 trials per session ШЕ 
rest). One S developed respiratory infot ie 
and was discarded. The other 4 Ss failed ho 
achieve the criterion even though they Ms 
exposed to 50 sessions of training. Lhee m 
were dropped from the present Spar 
but were employed in a sequence of ОЦЕ. 
designed to reveal the cause of their e Ms 
poor performance. A detailed авар 1 
of the development of avoidance for a ibes 
Ss is presented in the paper which descri à 
the work with the Ss which failed to a 
criterion (Hoffman, Fleshler, & Chorny, 
1961) 

Testing on avoidance.—The assessme iik 
the gradient of avoidance involved the sa er 
lape recorded sequence of stimuli that pos 
y used to assess the gradient 


new 55, 


nt of 


previous bar 
approach. Except for the fact thas d that 
press during any tone always terminated t 


e cur 
tone and that shock was programed to Ic 
with all three 3500-cps tones in a given se 
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the testing. procedure and the criterion for 
lerminating the tests were identical to those 
Used to assess the gradient of approach. 


Results 


Gradient of approach aud gradient of 
Woidance.—The mean probability of 
response for each of the several 
Stimuli is presented for approach in 
Fig. 1 and for avoidance in Fig. 2, 
for Selected sessions throughout test- 
ing. For these figures and for the 
associated analysis, the data for the 
3500-cps tones were derived from the 
9ne Sy in each series which yielded no 
Teinforcement for approach and from 
the 3500-cps tones which occupied 
identical serial positions in the tests of 
Avoidance, 


Because of the slow development of 
discrimination, the data from the first 
test session can provide a convenient 
index of the initial gradient of general- 
ization. An analysis of variance of 
the response frequencies for the sev- 
eral stimuli from the first test session 
is presented in Table 1; it is based on a 
mixed two-factor design (Lindquist, 
1953). The first factor, conditions, 
is a between-Ss variable having two 
levels, approach and avoidance, (five 
rats in each group) while the second 
factor, stimuli, is a within-Ss vari- 
able having six levels (the Sp and 
the five test tones). 

Each of the Fs in the analysis is 
highly significant. The main effect 
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4 discrimination training for approach. (T с lie 
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Fic. 2. 
mean probability of 


and to the five test frequencies during the first, fifth 


tests, shock was programed to occur with the 
single animal from this group.) 


of stimuli can be interpreted to result 
from the systematic generalization 
decrement which can be seen for both 
the approach and the avoidance 
gradient. The significant conditions 


TABLE 1 
ANALYSIS OF VARIANCE OF RESPONSE 


FREQUENCY: GENERALIZATION OF 
APPROACH VS. AVOIDANCE 


Source df MS Р 
tween Ss 
ЖОН conditions 1 [370.017 | 33.49*** 
(C) 
Error (B) 25 11.467 
еи (5) `5 | 79.310 | 26.96*** 
sxc 5| 19.417] 6.59*** 
Error (W) on 2.947 
Total 


жж p < 001, 


The course of discrimination training for avoidance. 


(These functions shoa 
an avoidance response—bar press to prevent shock—to the Sp, 35 1 


n ing the 
‚ and tenth session of testing. During 


^ A add: ге of à 
Sp only. The inset shows the performanc 


effect reflects the overall higher S 
of the approach gradient. It can d 
seen in the figures that the avoidant 
gradient is sharper than the appa 
gradient. The significant level of t E 
Stimuli X Conditions interaction e 
dicates that, independent of EU, 
heights of the gradient, this obse 
difference in the shape of the gradi 
is significant. Apparently, in SE р 
ment with results obtained by Mi E, 
and his associates, approach gen 
eralized more broadly than avoidance 

In order to examine more carefully 
the course of responding to the non- 
reinforced test tones, a second analysis 
of variance was conducted on Hee 
response frequencies to stimuli pu. 
than the Sp for the first, fifth, ан 
tenth test sessions (Table 2). Once 
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TABLE 2 


ANALYSIS OF VARIANCE ОЕ RESPONSE 
FREQUENCY: 


DiscriM 
7 
Source | df MS F 
| 
Between Ss 9 | 
raining conditions | 1| 99.227 | 10.40* 
. €) 
Error (B) 8| 9.543 
Within Ss 140 
Stimulus (S) | 4| 92.343 | 33.40*** 
est session (T) 2 [511.286 | 71.20*** 
SXT 8111178) 5.76*** 
4| 4443| 1.69 
2 [165.486 | 23.10*** 
8| 7T328| 3.78** 
1112 
32 | 2.768 
16| 7.178 
64 | 1.940 
149 
we? S05 
"i op 


again, the analysis is a mixed factorial 
€sign with one between-Ss factor, 

Approach vs, avoidance, but in this 
Case there are two within-Ss factors, 
Stimuli (the five test stimuli) and test 
Sessions (1, 5, and 10). These data 
аге also summarized in Fig. 1 and 2. 

he large number of highly significant 
Main effects and interactions are 
Indicative of a set of complexly 
Changing relationships. The signifi- 
Cant stimulus component reflects the 
Substantial effect of the differences in 
acoustic frequency among the several 
test stimuli. Test sessions also have 

arge effect; as sessions progress, the 
Overall frequency of generalized re- 
Sponses declines. The significant 
Interaction between stimuli and test 
Sessions indicates that the effect of 
Sessions is at least partially deter- 
Mined by the acoustic properties of 
“Пе tones, 

The somewhat small main effect. of 
Conditions and the large interaction 
With test sessions yields to a straight- 
9rward interpretation (see Fig. 1 and 
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2); the significant, though small, main 
effect results entirely from the differ- 
ence in the overall levels of approach 
and avoidance in Session 1; the large 
interaction is a result of the avoidance 
gradient being higher than that of 
approach in Sessions 5 and 10. In 
light of the previous analysis (Table 
1) a somewhat surprising result is 
that the Stimulus X Conditions inter- 
action only approaches significance. 
А careful examination of the figures 
reveals that although a large Stimulus 
X Conditions interaction exists in 
Session 1, in Session 5 it is small, and 
in Session 10 it is somewhat reversed. 
That this trend is significant is con- 
firmed by the large triple interaction, 
which can be considered as the inter- 
action of the Stimulus X Conditions 
interaction, with test sessions. An- 
other way to consider the significant 
triple interaction is that the Session 
X Stimulus interaction differs for 
approach and avoidance. 

'The Sp responses were examined in 
a separate mixed factorial analysis of 
variance with conditions and sessions 
as the two factors. Only the training 
conditions' main effect (approach vs. 
avoidance) was significant, F(1, 8) 
= 28.9, p <.01. Therefore, it is 
clear that the test session effects 
revealed in the above analysis were 
not the result of changes in the 
stimulus control exercised by the Sp. 

In reference to the generalized 
response tendencies, it may be con- 
cluded that although the effect of 
discrimination training (test sessions) 
was to reduce the response tendency 
to stimuli on the wing of the general- 
ization gradient, its effects were not 
evenly distributed among these stimuli 
nor were they the same for approach 
and avoidance; with discrimination 
training the gradient of approach 
sharpened more rapidly than the 
gradient of avoidance and this effect 
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Fic. 3. The mean number of Tesponses to extinction plotted as a function of the si 

probability of response. (The coordinates for each point represent the probability of de m 

to a given stimulus other than the Sp during the first session of testing—initial probabi Ж 
and the total number of responses to that stimulus throughout the course of discrimina 


training—responses to extinction. 


-cps 
For example, during the tests on approach the 670:Ср 


te lor f 1 hout 
tone produced an initial probability of .8 and, on the average, yielded nine responses Throne TM 
discrimination training. The circled points represent averages for those stimuli which y! 


similar initial probabilities. 


is évident despite the finding that, 
initially, approach generalized much 
more broadly than avoidance. 
Additional data bearing on this 
question are provided by the finding 
that for approach Ss, the discrimina- 
tion criterion was met after an average 
of 11 sessions, whereas avoidance Ss 
required an average of 14 sessions to 
meet the same criterion. Figure 3 
permits a more careful analysis of the 
discrimination process. It shows for 
each stimulus on the wing of the 
gradient, the total number of general- 
ized responses to the discrimination 
criterion (extinction) when plotted as 


i E chm 1 that 
The inset shows these functions for the individual animals 
Were represented in the insets of Fig. 1 and 2.) 


a function of the response probability 
observed in the first session for that 
stimulus. For both conditions the 
total number of unreinforced re- 
sponses increased as a function of the 
initial probability; however, at 8 
given initial probability, resistance e 
extinction was greater for avoidance 
than for approach. This relationship; 
which is not readily seen in the 7 
figures, is clearly representative © 
large differences existing in the proc- 
esses which underlie the development 
of discrimination in approach and in 
avoidance. 
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EXPERIMENT 11: ASSESSMENT OF 
SIMULTANEOUS GRADIENTS OF 
APPROACH AND AVOIDANCE 
DURING APPROACH- 
AVOIDANCE 
CONFLICT 


This phase of the research involved 
five steps and required that the Ss 
Meet a sequence of rigid behavioral 
Criteria, The establishment of the 
Criteria was necessary in order to 
make certain that, prior to the 
establishment of conflict, the per- 
Огтапсе of the Ss would be com- 
Parable to the performance of animals 
tested on approach only and on 
Avoidance only. Since the previous 
Work had indicated that one could not 
accurately predict which Ss meet the 
Criterion for avoidance, it was decided 
to develop conflict by training avoid- 
ance first, and thus minimize the 
Chances of investing large amounts of 
time in Ss which could not meet the 
Criterion Out of an initial pool of 
0 Ss, only 3 completed all phases of 
the conflict training. Four of the Ss 
failed to meet the criterion for avoid- 
ance, and 3 of the Ss were lost 
cause of respiratory infections. 


Meth 
od. 
e behavior.—The 


Development of avoidanc 
Procedures pede Be previously were used to 
sp ablish a performance in which Ss avoided 
à Ock by pressing the bar upon the presenta- 
ion of a 3500-cps tone. As with Ss tested 
Only on avoidance, the criterion performance 
as three consecutive sessions in which the S 
3voided at least 90% of the shocks. For the 
thi S which completed the training sequence, 
is initial condition was met within 22 
Sessions and the acquisition function, as well 
aS the asymptotic behavior of these Ss, was 
wesentially the same as that of the 5s that 
been used to assess the gradient of 
avoidance, 
th ‘Xtinction of avoidance behavior.—The tone 
at had been used in training avoidance was 
Presented without shock until the Ss failed to 
sspond throughout an entire session; this 
Procedure required three sessions. 
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Development of approach behavior.—The 
Ss"were gradually deprived of food until their 
body weights stabilized at 8095 of their 
previously determined free feeding body 
weights. During the period of weight 
reduction, the Ss were placed in the experi- 
mental chamber for 2 hr. per day, to permit 
generalized emotional responses to extinguish. 
They were then trained to press the plate in 
the presence of the same 3500-cps tone that 
had previously been used as a warning for 
impending shock. The training procedure 
and the criterion for the termination of 
training were identical to those previously 
employed in the development of approach 
only. This phase of the training required an 
average of 16 sessions and yielded a perform- 
ance which was essentially the same as that of 
Ss trained on approach only. 

Development of conflict.—To establish con- 
flict, shock was again programed to begin 
4 sec. after the onset of the tone. The 
stimulus-response contingencies were such 
that an initial bar press during tone, but prior 
to the onset of shock, terminated that tone 
and prevented the occurrence of the shock. 
An initial plate press during tone, on the other 
hand, provided immediate food reinforcement 
(40% of the time) but it did not terminate the 
tone nor did it prevent the associated shock, 
In addition, if during the 4-sec. warning 
period a plate press occurred and was followed 
by a bar press, the plate press might produce 
immediate reinforcement (40% of the time) 
but the bar press would not terminate the 
tone nor would it prevent the associated 
shock. Finally, whenever shock came on, 
both it and the tone remained on until a bar 
press occurred. Thus, for each tone, the S 
was placed in conflict. An initial plate press 
might produce food but it would prevent the 
S from avoiding the associated shock. An 
initial bar press, on the other hand, would 
prevent shock, but it would terminate the 
tone and, hence, remove the opportunity to 
obtain food. As in other phases of the work, 
70 tones occurred on each session and the 
interval between tones was variable (aver- 
age interval equal to 35 sec.). 

With the reintroduction of shock at the 
end of tone, avoidance was almost immedi- 
ately reinstated so that only two sessions of 
conflict training were conducted. During the 
second session, a performance was exhibited 
in which (totaling across all 3 Ss) 86% of the 
tones yielded an initial avoidance response 
(bar press) whereas only 7% of the tones 
yielded an initial approach response (plate 
press) and of these, only 12% were followed 
by a bar press prior to the onset of shock, 
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food and bar press to prevent shock—to the Sp, 3500 cps, and to the five test de et 
the initial session of the tests for stimulus generalization under conflict. During Beer the 
food reinforcement and shock were programed to occur with the Sp only. The inset s 


performance of a single animal from the group.) 


Test for stimulus generalization under 
conflict. —The procedure was similar to that 
used in the assessment of the generalization 
of approach and of avoidance when nieasured 
separately and involved the same sequence of 
tape-recorded stimuli. In a given series, 
shock was programed to occur with all three 
3500-cps tones, and food reinforcement was 
programed for two of these. In all other 
respects, the stimulus-response contingencies 
with reference to the 3500-cps tones were 
identical to those which were in force during 
the development of conflict. The other tones 
in the series were programed to remain on for 
5 sec. (unless terminated by a bar press which 
had not been preceded by a plate press) and 

ither shock nor food reinforcement occurred 
a eher presence. As in previous tests, the 
у series of eight tones was presented 12 


times per session. 


Results 
Although 10 test sessions were con- 


lucted, only the results of the first 
ducted, 


session exhibited systematic general- 
ization effects. After Session 1, a 
few generalized responses E ' 
either for approach or avoidance, = 
such responses as did appear sa 
to be distributed randomly among dn 
Several test stimuli. At present, t 
reason for this effect is unclear. f 
The results for the first vec 
testing are depicted in Fig. 4. . ha 
avoidance response occurred ud * 
high probability to the Sp and c 
avoidance responses occurred to d 
other test stimuli. The mode of 500 
avoidance gradient was the Sp (4 
єрз) whereas the mode of the — 
gradient was displaced to the 150 
Cps tone. 
"To assess the reliability of eR 
served displacement effect, a / test 10 
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related observations was conducted to 
Compare the sum of the generalized 
approach responses to the sum of the 
generalized avoidance responses dur- 
Ing conflict. This test yielded a 
10) = 4401, p < .05 for а two- 
tailed test. А second ¢ test for related 
observations was conducted on the 
approach vs. avoidance responses 
to the Sp. This test yielded a 
102) = 21.0, p < .01 for a two-tailed 
test, 

Apparently the effects seen in Fig. 4 
аге reliable, despite the small number 
9f Ss in the sample. When the re- 
Sponses were placed in conflict a 

ehavior emerged in which the domi- 
Nant response to the Sp was avoidance, 
Whereas the dominant response to 
Stimuli on the wing of the generaliza- 
Чоп gradient was approach. 

To assess the effects of the ap- 
Proach-avoidance conflict on avoid- 
ance behavior, the avoidance gra- 
dient in Fig. 4 was compared to the 
Sradient during the first session of 
testing for Ss trained on avoidance 
only (Fig. 2). 

It appears that the conflict between 
арргоасһ and avoidance had little, if 
any, effect on avoidance responses 
to the Sp (3500 cps), /(6) = 1.14 
b > .05) for a two-tailed test. For 
Stimuli on the wing of the gradient, 
lOwever the conflict between re- 
Sponses produced a condition in which 
Ewer generalized avoidance responses 
Occurred than during the comparable 
test for avoidance only. To assess the 
reliability of this difference, a £ test 
Was conducted on the total number of 
the generalized avoidance responses 
during the first session of testing in 

€ absence of conflict as opposed to 
Пе comparable data obtained during 
conflict (Fig. 4). The results of this 
Omparison were statistically signifi- 
Cant, but barely so, (б) = 2.448, 

X .05 for a two-tailed test. 
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TABLE 3 
LATENCIES OF APPROACH AND AVOIDANCE 
UNDER INDEPENDENT AND 
CoxrLicT CONDITIONS 


Conditions as 2; N 
Conflict 

Approach 1.38 .234 3 

Avoidance 2.52 .283 3 
Independent 

Approach 1.46 .292 5 

Avoidance 2.49 32 5 


As can be seen in the comparison 
between the first session data in 
Fig. 1 and the data in Fig. 4, the 
dominant effect of conflict was to 
attenuate the tendency to make ap- 
proach responses. А ¢ test on the 
frequency of approach responses to 
the Sp during, and in the absence of, 
conflict yielded a /(6) = 11.42 (р < .01 
for a two-tailed test). Similarly, a £ 
test on the sums of the generalized 
approach responses during, and in the 
absence of, conflict yielded a ¢(6) 
= 11.02, p < .01 for a two-tailed test. 

Clearly, the presence of a competing 
approach response had only a small 
effect on the gradient of avoidance, 
whereas the presence of competing 
avoidance responses had a large effect 
on the gradient of approach. This 
finding is of special interest, in view 
of the fact that when tested sep- 
arately, the initial gradient of ap- 
proach was everywhere higher than 
the initial gradient of avoidance. 

Latency measures were obtained 
from the second conflict session (the 
last session prior to testing). А £ 
test on the difference between the 
mean latency of approach and that of 
avoidance was computed for each .S 
and was found to be significant in 
each case (p < .01). It was also 
found, however, that the mean la- 
tencies for approach and avoidance 
under conflict were very similar to 
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those that were obtained for approach 
Ss and for avoidance .Ss when in- 
dependently measured during their 
last session prior to testing. These 
data are shown in Table 3. АП 
possible ¢ tests were conducted; only 
those involving an approach vs. an 
avoidance group were significant (each 
of these attaining at least the .05 
level for a two-tailed test). Thus, 
while it can be concluded that the 
avoidance response has a longer 
latency than the approach response, 
it appears that conflict between the 
responses had essentially no effect on 
the latency characteristics of either 
response. 


Discussion 


In order to facilitate comparisons be- 
tween the groups (approach vs. avoid- 
ance vs. conflict) only Ss which exhibited 
roughly comparable behaviors were 
tested. As a result, while the several 
groups are in one sense equated, they also 
differ in certain respects. For example, 
the rate of attrition during training was 
much higher for avoidance than for 
approach. Also, the conditions of train- 
ing were not identical for the two re- 
sponses. Not only were different pat- 
terns of reinforcement used for approach 
and avoidance but the manipulandum 
for the two behaviors was not the same. 
The manipulanda proper are probably 
unimportant since pilot work on ap- 
proach indicated that there were es- 
sentially no differences in rate of acquisi- 
tion, asymptotic probability, or latency 
as a function of bar press vs. plate press. 
The differences in pattern of reinforce- 
ment, however, pose a problem which, 
unfortunately, cannot be resolved at this 
time. In order to match the treatments 
with respect to pattern of reinforce- 
ment, it would be necessary to identify 

isely the reinforcing event in avoid- 
релге у t, knowledge of this 
ance and, at P aeo 72010 8 
ipee рер РЭР such as these, 
" сера degree of caution must be 


ercised when interpreting the results 
exercis 
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of this work. Even so, however, the 
broad implication of the results is per- 
fectly clear. When Ss are trained to 
perform approximately the same on 
avoidance as on approach, subsequent 
tests for stimulus generalization and 
discrimination uncover large differences 
in behavior. З 

In certain respects, the combined ге- 
sults of Exp. I and II are in close agree- 
ment with predictions based upon 
Miller's theory. For example, the theory 
holds that if displacement is to occur, 
the gradient of avoidance must be 
steeper than the gradient of approach. 
In the present study, displacement was 
observed and the gradient of ауса. 
was, in fact, steeper than the gradient О 
approach. Certain aspects of the resi 
however, disagree with the assump aa 
which underlie the theory. For examp: $ 
according to the theory, displace oa 
will occur only when the gradients co 
In the present study, displacement d ДЕ 
curred despite the finding that W nai 
tested separately the gradient of Er 
proach was everywhere higher than ie 
gradient of avoidance. Finally, Ee 
theory implicitly assumes that VE. 
approach and avoidance are pc 
conflict, each will inhibit the ER the 
according to the relative strengths o dy 
two responses. In the present stu A 
however, when measured separ 
approach was stronger than avoidan E. 
Yet, when placed in conflict, appro?! E 
showed a large decrement, whereas avo! 
ance was only slightly affected. Т8 

Previous research (Hoffman & Е "S 
ler, 1962) is relevant to the issue. t 
that study, avoidance was developeg 
while Ss were engaged in positively ен 
forced ongoing behavior. It was m. 
that the tendency to avoid was rela 3 
to, and indeed, seemed to depend EC. 
the capacity of the warning BN. is 
suppress the ongoing behavior. e 
reasonable to suppose that during ie 
conflict phase of the present study, a 
large decrement in approach also dei. 
Sented a conditioned suppression P a 
nomenon, and hence, that any шы, 
competition between approach an 
avoidance tendencies per se was probably 
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of only minor importance. In part, this 
interpretation is supported by the addi- 
tional finding that when measured sep- 
arately, the latency of avoidance was 
Consistently larger than the latency of 
approach and that neither latency was 
modified during conflict. 

The findings with reference to latency 
are of interest in a second respect. 
Basically, they mean that during conflict, 
Where either approach or avoidance 
might occur, the probability of a resolu- 
tion in favor of approach was highest at 
the beginning of the conflict situation. 
On the other hand, while the probability 
of a resolution in favor of avoidance was 
OW at the beginning of the conflict 
Situation, this probability increased as 
Conflict persisted. In essence, during 
?pproach-avoidance conflict, approach 
tended to occur early in the conflict 
Situation or not at all, whereas avoidance 
tended to occur late or not at all. 
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НОМАМ REINFORCEMENT: VICARIOUS AND DIRECT ! 


FREDERICK H. KANFER 
University of Oregon Medical School 


4 experimental groups of 9 Ss each said words inte 


taped simulated group in a verba 
design groups were given vicario 
forcement (DR), both, or neither. 
“Good” when a taped S gave a 
saying "Good" directly to S. Co 
critical responses 
tion were directly reinforced, half 


no tape was played. VR significantl 


mental groups, with DR showing 
groups failed to learn. 
in acquisition levels. 


One source of complexity in human 
learning lies іп S’s ability to inter- 
relate informational inputs, to make 
covert observations of contingencies 
between his own behavior and ex- 
ternal events, and to assess the likeli- 
hood of success prior to making an 
overt response. Of special interest to 
us have been the effects of informa- 
tion, both by instruction. and by 
Structure of the task (Kanfer & 
Marston, 1961, 1962), on verbal 
learning. In the absence of direct 
reinforcement of overt behavior an S 
may still be able to learn either by 
self-reinforcement (Kanfer, Bradley, 
& Marston, 1962; Skinner, 1953), or 
by observation of response reinforce- 
ment contingencies in others, as in 
vicarious reinforcement (Berger, 1961; 
Lewis & Duncan, 1958; Miller, 1961). 
In both instances information about 
the appropriateness of the response is 
conveyed zot by the usual reinforcing 
procedure. These instances deviate 
from the typical procedure in that 
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AND 


and no VR, or no tape. 
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rmittently with a 
al conditioning task. In a factorial 
us reinforcement (VR), direct rein- 

VR consisted of Ss listening to E's 
critical response. DR consisted of 
ntrol groups heard tapes with fewer 
Half of the Ss in each condi- 
ere not reinforced. In extinction 
y facilitated learning in the experi- 
no additional effects. The control 


we 


Extinction differences were due to differences 


either E administers reinforcement to 
another person but not to S (vicarious 
reinforcement) ; or Æ relinquishes con 
trol over the administration of rein- 
forcement to S (self-reinforcement). 
It is the first instance which was 
examined in the present study. E 
The purpose of this experiment v 
to study the effects of vicarious геп 3 
forcement on verbal learning in pit 
lated groups, in order to Mie 
whether observation of reinforcemet 3 
for learning in others is an effectiv 
reinforcing event for human Ss. 


METHOD 


1 
Subjects.—Eighty-five students from [^ 
introductory psychology course served as les. 
Half of the Ss were males, half were e a 
Apparatus—The Ss were seated F ft. 
table in a darkened room. On a 2 s a 
black panel in front of them was DR ht a 
small signal light, To the left of the tat 1 
microphone rested in a slot on the ene 
The S wore earphones throughout the a 
ment. The earphones and microphone v 2 
part of an intercommunication system vd the 
adjacent room in which Æ monitore 500) 
experiment. A Wollensak (Model 15 the 
tape recorder served as an amplifier in ar- 
System. With his own microphone гай, 
phones, E was able to hear S, to speak to up" 
and to play the tape recorded “gro sed 
responses into both earphones. The E с 
а telegraph key to activate the light on 
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TABLE 1 
EXPERIMENTAL DESIGN 


Condition 
Group mE 
Tape s 
Experimental | 
A Acquisiti i DR|9 
A Acquisition, VR — |9 
В Acquisition, No VR | DR | 9 
B' Acquisition, No V R|— |9 
Control 
C Operant, No VR DR!9 
c Operant, No VR —]|9 
D No tape DR,9 
D’ No tape — |9 


board, The tapes were produced by 9 grad- 
uate students who re-enacted a group con- 
itioning session similar to that described by 

CBrearty, Marston, and Kanfer (1961) in 
Which human responses were reinforced. 

Ords from various parts of actual group 
Protocols were read in turn by each student. 
, Design and stimuli.—The experiment con- 
Sisted of a 2 x 2 factorial design and four 
control groups (see Table 1). The tape 
Content determined the presence or absence of 
Vicarious reinforcement (VR). The same 
apes were used for Groups А and A’; B and 

С and C^, For the A groups the tape 
Contained words taken from an acquisition 
record of an earlier study. Fifty percent of 

© responses were human nouns and were 
followed by E saying "Good." As іп actual 
acquisition sessions, the proportion of critical 
"esponses increased over blocks of trials. For 

© B groups the same words were read but 
the tape contained no reinforcing stimuli. 
For the C groups a tape was prepared on 
Which the words were taken from a pre- 
acquisition (operant) phase of a previous 


Study, Only 5% of the words were human 
nouns, For ud D groups no tapes were 
Played, The experimental groups yielded 


compari the effects of vicarious 
Tein REE a series of 30 acquisition 
and 30 extinction trials, both with and with- 
Out the addition of direct reinforcement (DR). 
TOups C and C’ provided controls for the 
à Pe content and D and D' for the administra- 
9n of an ded stimuli. 
Procedure — When S arrived in the hall 
һе found a row of office doors with “Ехрегі- 
ment in Progress” signs. He was ushered 
Into the experimental room by E and asked 
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to wait a few moments until the (non- 
existent) “other Ss" had been instructed. 
When E returned, he told S that this study 
investigated how people use words. The S 
was asked to say words, any words except 
proper names, phrases, or numbers. The E 
told S that there were a number of Ss in 
similar cubicles in other rooms performing the 
same task. The S was asked to wear ear- 
phones in order to “hear some of what was 
going on in the other rooms." The E con- 
tinued: “When it is your turn, your light will 
blink. This is your signal to say a word. 
Give the first word you think of." The same 
instructions were given to all eight groups. 

All Ss who in a postexperiment question- 
naire gave any indication that they might 
have suspected hearing a tape recording 
rather than live voices were eliminated from 
thestudy. Thirteen Ss were discarded for this 
reason, apparatus failure, or other reasons, 
leaving 72 Ss. The E began conditioning by 
activating the signal light 10 times at ap- 
proximately 12-sec. intervals. These 10 trials 
constituted a measure of the operant fre- 
quency of human nouns. 

Following the operant trials, except in 
Groups D and D’, E turned on the recorder 
and S heard the first round of nine responses 
of his "group." At the end of the ninth taped 
response, or after the subsequent “Good” if 
appropriate, the “Stop” button was pushed, 
and S was signaled to respond. This sequence 
continued for 30 rounds of trials. For Groups 


Group A ж 
Group A’ 0---0 
Group B, A-—-A 


Group B/ Ө—0 
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D 6 T 
OPERANT ACQUISITION EXTINCTION 


BLOCKS OF TEN TRIALS 


Acquisition and extinction curves 
<perimental groups. (All groups heard 
acquisition tapes under the following condi- 
tions: A-VR and DR; A’-VR only; B-DR 
only; B' neither VR nor DR.) 
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TABLE 2 
ANALYSES OF VARIANCE ON ACQUISITION 
Acquisition Extinction 
Source 
df MS F df MS F 
. No VR 1 52.56 4.30* 1 131.12 7.00* 
DR vs. No DR 1 2.50 <1.00 1 30.08 1.60 
VR vs. DR 1 0.35 «1.00 1 14.09 «1.00 
Ss in groups (Ss) 32 12.20 32 18.73 
Blocks (B) 3 80.86 23.78** 2 1.73 «1.00 
BXVR 3 16.90 4.97** 2 0.62 «1.00 
BXDR 3 1.92 «1.00 2 0.86 «1.00 
B X VR X DR 3 6.04 1.77 2 0.25 «1.00 
B X Ss 96 3.40 64 1.59 
Note.—Including one operant block and extinction. 
*p < .05. 
жк < .01. 


D апа D', E continued to activate the signal 
light at 12-sec. intervals, approximating the 
time required for one round of the taped 
voices. Group D heard only E's reinforce- 
ment when appropriate, and D' heard nothing 
over the earphones. 

Following acquisition all Ss received 30 
extinction trials during which E activated the 
light at 12-sec. intervals without reinforce- 
ment. At the end of the experiment, E 
administered a questionnaire which asked S: 
(a) What he thought the purpose of the 
experiment was; (b) Whether it was easy ог 
difficult and why; (c) How he chose his 
words; (d) What he heard through the ear- 
phones; (e) How what he heard affected his 
behavior; (f) How many other people he 
heard; (g) Whether he thought that he did 
better or worse than the others; and (л) How 
the voices sounded to him. The last three 
questions were omitted for Groups D and D’, 


RESULTS 


Acquisition.—The frequency of cor- 
rect responses was analyzed in blocks 
of 10 trials. The learning curves for 
the four experimental groups are 
shown in Fig. 1. The curves show a 
similar performance in all groups 
during the operant period with sub- 
sequent differentiation. among the 
groups. A summary of the analysis 
of variance on the acquisition and ex- 
tinction scores is presented in Table 2. 
The addition of vicarious reinforce- 


ment on the tapes (Groups A and A’) 
resulted in significantly more learning 
(F = 4.30) and significantly greater 
learning increments over blocks 
(F — 4.97), thus demonstrating the 
facilitating effects of VR in this task- 
Combining all groups, the significant 
Blocks effect suggests that perform- 
ance improved with increasing number 
of trials. An F < 1.00 for the DR 
variables indicates that the addition 
of direct reinforcement does not 
significantly enhance performance, 
when compared to Groups A' and B' 
which did not receive DR. 

То establish the minimal conditions 
of reinforcement and tape content 
necessary for statistically significant 
evidence of learning in this task, 
Blocks X Ss analyses were run for all 
eight groups over operant and acquisi- 
tion blocks. With 3 and 24 df, the 
following F values were obtained for 
Groups A, A', B, and B' in their 
respective order: 12.32 (р < .001): 
8.21 (р <.001); 402 (p < .025); 
1.61 (p > .20). None of the F values 
in the four control groups approache 
significance at p = .20. These results 
indicate that only those groups whic 
were exposed to acquisition tapes an 
received either DR or VR showed 
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learning. In considering the failure 
9f DR to produce learning in groups 
exposed to tapes of operant sessions 
Ог no tapes at all it should be remem- 
bered that in the usual verbal condi- 
tioning procedure Ss emit responses 
atthe rate of approximately 20 words/ 
min for many minutes beforelearningis 
measured (Greenspoon, 1955; Kanfer, 
1958). In this study Ss had only 30 
Opportunities for reinforcement of 
their responses in acquisition. Thus 
the failure to find learning in the con- 
trol groups under these conditions 
Merely emphasizes the great ac- 
Celerating effects of VR. 
Although neither Groups B’ nor C’ 
Showed large enough increases over 
locks to yield evidence of learning, 
an F test between these groups was 
Carried out to determine the effect 
of tape content. An F of 19.61 
Ф < :001) indicates that exposure to 
à tape containing about 50% critical 
Fesponses resulted in emission O 
Significantly more critical responses 
an exposure to a tape with 5% 
Critica] responses. The nonsignificant 
locks X Groups interaction in this 
analysis suggests no greater increment 
Ut only a higher overall level of 
responding in Group В”. 
Extinction.—Table 2 presents — 
analysis of variance on the extinction 
data. As in acquisition, the VR 
Sroups yielded more responses than 
О VR groups. It can be seen from 
1g. 1 that the order of the experi- 
Mental groups is the same as т 
Acquisition. These group differences 
May have been due to differential 
Performance in acquisition rather 
than the effect of the extinction per se. 
: analysis of covariance on extinc- 
Чоп scores was performed, adjusting 
Or the total number of correct re- 
Sponses in acquisition. The adjusted 
? values for the VR and DR variables 
And for their interaction were not 


sents an 
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significant at р = .05, indicating that 
the differences among VR and No VR 
groups in extinction could be attrib- 
uted mainly to the different per- 
formance levels of these groups in 
acquisition. 

Because of the similarity of the 
present procedure to that used in 
earlier studies of verbal conditioning, 
the relationship of awareness to learn- 
ing was also examined. The replies 
to the postexperimental questionnaire 
were rated as to degree of awareness 
on a scale developed in previous 
studies (Kanfer & Marston, 1961). 
On a six-point scale, a rating of 1 
indicated no reference to the rein- 
forcement nor to the correct class, a 2 
rating indicated reference to the 
reinforcing stimuli. A 3 rating re- 
quired reference to the correct class. 
1 tests were computed for each group 
to test deviation from a mean rating of 
1. Only Group A yielded a significant 
t (8.50, p < .01), with a mean of 3.78. 
Group A' was the only other group 
whose mean (2.01) exceeded a 2 
rating. 


DISCUSSION 


Exposure to contingencies between a 
critical response class and a social 
reinforcer in others served as an effective 
reinforcing stimulus for the observing S. 
The question arises whether VR con- 
tributes to learning mainly because of its 
informational aspects rather than its 
reward value. The variation in tape 
content in this study yields some evi- 
dence on the effects of making available 
to S high (50% in the experimental 
groups) or low (5% or 0% in the con- 
trols) degrees of occurrence of critical 
responses as environmental cues. When 
neither VR nor DR is given (Group B’) 
it is seen that the informational input 
alone does increase S's use of critical 
responses. However, this increase falls 
short of statistical significance. TheSsin 
Group B' reach a maximum frequency of 
about 20% correct responses when listen- 
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ing to the tape containing critical words 
in proportions of 36%, 51%, and 62%, 
respectively, over three acquisition 
blocks. Thus, in the absence of both VR 
and DR, Ss failed to match the model in 
the manner described as imitation by 
Miller and Dollard (1941). On the other 
hand, Groups A and A’ approximated 
the mean frequency of critical responses 
on the tape during each trial block fairly 
well (see Fig. 1). Nonreinforced imita- 
tion alone, at least in the present task, 
was not a sufficient condition for ac- 
quisition. 

The large initial drop from the end of 
acquisition to extinction probably reflects 
in part S’s discrimination of the pro- 
cedural change. This transition was 
clearly signaled by the cessation of input 
from the simulated group. The analysis 
of the extinction data indicates however 
that some of the training effects persisted. 
Further, as shown in Fig. 1, the groups 
do not return to the preacquisition level, 
at least for the time sampled in this 
extinction procedure. 

It was noted that direct reinforcement 
did not result in learning when an 
"operant" tape or no tape was played. 
Thus, the use of VR and an “acquisition” 
tape considerably lowers the number of 
trials required for learning. However, 
it should be considered also that only 
few direct reinforcements could be ob- 
tained for the 30 responses made by S, 
in contrast to the 270 taped responses. 

If a mediational framework is adopted 
(Berger, 1961; Lewis & Duncan, 1958), 
it may be assumed that S rehearses or 
responds covertly as he listens to others. 
If he tells himself “I was right" or in 
some other way, verbal or not, ad- 
ministers some reinforcement to himself, 
vicarious training may directly con- 
tribute toward increased response 
strength in S during vicarious trials, 
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That information by self-reinforcement 
may have some effects on response 
strength is shown in a study by Marston 
and Kanfer (1963) which further explores 
the process of self-reinforcement. 
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VALUE OF STANDARD AND VERY FIRST VARIABLE IN 
JUDGMENTS OF REFLECTANCE OF GRAYS WITH 
VARIOUS RANGES OF AVAILABLE NUMBERS 
E. C. POULTON Ахр D. C. У. SIMMONDS! 
Applied Psychology Research Unit, Cambridge, England 


1200 unsophisticated O's each made 2 numerical estimates (NEs) of the 
magnitude of the reflectance of a variable gray with respect to a stand- 


ard typically called 10. With standards of high reflectance, variables 


with reflectances still higher gave the larger exponents. The reverse 


was the case with standards of low reflectance. 
available to О was reduced. Averaging expo- 
d fractional estimates produced larger means 
he standard was high. Fractional NEs were 


as the range of numbers 
nents from multiple an 
when the reflectance of t 


influenced by prior multiple NEs and vice versa. 


The effects increased 


These results raise 


doubts about the generality of direct measurements of sensory mag- 


nitude. 


Over the last few years a consider- 
able edifice of psychophysical func- 
tions for sensory magnitudes has been 
erected using the method of numerical 
estimation popularized by S. 

tevens. In recent publications Stev- 
ens (1960a, 1960b, 1961a, 1961b) has 
listed values of some 22 exponents for 
Various sensory continua, to which 
the power of the physical magnitude 
Of the stimulus has to be raised in 
Order to match a constant multiple of 
the magnitude estimates made by 
groups of О'ѕ. He has also stated his 

elief that these exponents may reflect 

ifferences in the nature of the various 
Sensory “transducers” Or end organs 
Used in making the estimates of sensory 
Magnitude (Stevens, 1960b, p. 251; 
1961a, р. 27). 

Prior context.—While the construc- 
tion work has been under way, cracks 
lave appeared from time to time in 
ul to S. S. Stevens for a 


letter suggesting the comparison which led 
to the present series of experiments, to the 
authorities and student volunteers of the 

ambridge colleges in which the experiments 
Were conducted, to P. Bakan for commenting 
9n a draft manuscript, and to the British 

edical Research Council for financial 
Support. 


! We are gratef! 


the foundations. These have been 
surveyed, and the arguments put 
forward that they are not serious 
threats to the superstructure. The 
first crack appeared as a result of 
Garner's (1954, Table 1; 1959, Fig. 2) 
work on the effect of prior context in 
judgments of more than or less than 
half as loud. Garner showed that by 
selecting different ranges of variables 
to present to different groups of naive 
O's, they could be made to report half 
loudness when on an average the ratio 
of the standard intensity to the vari- 
able intensity was approximately 10, 
20, or 30 db. 

It can be argued that this was 
because Garner used the constant 
method, in which O was allowed to 
state only whether the variable was 
more or less than half as loud as the 
standard. Being somewhat unsure 
at the start as to the exact value of 
half loudness, O was not very likely to 
use exclusively one of the two possible 
categories of judgment. Thus the 
average judgment of half was almost 
bound to fall somewhere within the 
range of stimuli presented, however 
unlikely the range was. 
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It can also be argued that the over- 
ruling effect of prior context demon- 
strated by Garner should not occur 
with numerical estimates (NEs) of 
magnitude, since O is free to choose 
any number within the range available 
to him. However recent evidence 
suggests that NEs are not completely 
unaffected by prior context. Warren 
and Poulton (1960) and Poulton and 
Webster (unpublished)? using unprac- 
ticed O's found that the average NE 
of the reflectance of a second gray 
variable was often significantly in- 
fluenced by the reflectance of the 
variable judged first. Stevens and 
Stevens (1960, pp. IX-8-12), Kün- 
napas (1960), and Strangert (1961) 
have all reported that the NEs of 
sophisticated O's can be influenced by 
the range of variables presented to 
them. 

Clearly the only method of elimi- 
nating the possible effect of prior con- 
text is to use the very first judgments 
of unsophisticated O's, which means 
having a different group of naive Оз 
for each value of the variable. 'This 
was the answer which Stevens and 
Poulton (1956) formulated to Garner's 
criticism of all direct methods of 
judging Sensory magnitudes, since E 
now no longer influences O by his 
choice of the range of stimuli. How- 
ever it is nota complete answer, since 
E has still to select the value of the 
standard. 

Choice of standard.—Stevens (1955) 
has collected together data showing 
the ratio in db. between a standard 
and a variable sound which has been 
found to be required for half and 
twice loudness at various sound 
pressure levels of the standard. He 
showed that with loud standards only 
д relatively small increase in intensity 

i itled “Value of First Few 
ере іп Fractional Es- 
imates of the Reflectance of Grays. 
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is required for twice loudness, whereas 
a relatively large decrease is required 
for half loudness. The reverse is the 
case for soft standards, Where О 
adjusted a variable sound to half or 
twice the loudness of the standard, 
Stevens discussed the effect in terms 
of the avoidance of uncomfortably 
loud and uncomfortably soft sounds. 
Where O estimated numerically the 
loudness of a variable presented to 
him, the effect can be discussed in 
terms of a confusion between d 
absolute magnitude of the variaba 
and its magnitude relative to the 
standard, the NE being a compromise 
between the two (Stevens, 1956, 
pp. 6-8). f 

Ev with sophisticated O's "e 
effects are not very large, and ше 
effect for fractional judgments is 1n 
the reverse direction to the effect tor 
multiple judgments, Stevens "e 
gested that the effects should morsig 
less balance each other out when E 
two sets of data are combined. Т К 
experiments to be reported show tha 
the effect is considerably more n 
with the very first NEs of untraine 
O's who are not constrained by ups 
context, and that the effects H 
multiple and fractioned NEs are no 
always equal and opposite. 


METHOD 


Observers.—These were mainly male unde 
graduates of Cambridge University, E 
though a few male graduates and MES 
Students were included. None had previo 
Judged sensory magnitudes, and each O duni 
in only one experimentalcondition. Stude 
in psychology were not used. A 

Display.—A brown table top 27 X 27 P 
with a reflectance of 20% always served as 
background. In the middle of it were paca 
& standard and a variable patch each 11 d 
in. The patches lay together with a long si 
contiguous, and short sides closest to à 
Typically the standard patch was labeled by h 
lin. square of the same reflectance, ушЫ 
carried the number 10 written in pencil an 
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lay immediately below and touching the 
center of the short side nearest to О. Black 
standards were labeled by a square of brown 
material similar to the table top, again 
carrying the number in pencil With four 
extra groups of O's the number 10 waschanged 
to 1 or 1,000. For the first half of the O's in 
each group the standard lay on the left of the 
Variable, and for the second half it lay on the 
right, 

The white and gray patches consisted of 
Paper coated with nonglossy paint, supplied 
by the Mitchell Colour Card Company, 

ondon. Black cotton and rayon velvet were 
also used, The reflectances were measured 
both with a Macbeth illuminometer, and with 
an illuminometer made by Salford Electrical 
Instruments Limited. The lighting on the 
table was at the ambient level to which Ohad 
ecome adapted. (This appeared preferable 
to introducing a standard extraneous source of 
light, A previous experiment using separate 
groups of 50 O's had shown that judgments of 
relative reflectance made in bright daylight 
Were no different from judgments made in 
Very much less bright artificial light.) — | 

_ Experimental conditions.— These are listed 
in Tables 1 and 2. Half the groups estimated 
relative lightness and half relative darkness. 
this altered the range of numbers available, 
Since a fractional estimate of lightness 
Corresponds to a multiple estimate of dark- 
ness, and vice versa (Torgerson, 1960). 
Each О made two NEs, typically one frac- 
tional estimate and one multiple estimate, 
ut when the standard was at either extreme 
end of the range both estimates had to be 
fractional or multiple. The order of pres- 


entation of the variables was counterbalanced 


Or different groups of O's. Thus Groups IIB 


and IID estimating relative lightness counter- 
alanced each other, and so did the com- 
Parable Groups IA and IIC estimating 
relative darkness. Table 3 shows the four 
additional groups of 0's for whom thestandard 
Was called 1 or 1,000 instead of 10. 

Procedure.—The experiment was con- 
ducted in Cambridge Colleges. One E 
Canvassed for volunteers and kept curious 
yes off the display. When O sat down at the 
table, the second Æ handed him a white 
card 8 x 5 іп. with instructions typed on it, 
a pencil, and a white paper answer slip 
4 X 3 in. Typical instructions for judgments 
of darkness read: “You will see two. pieces of 
Paper lying side by side, one medium gray 


and the other dark gray- If the darkness of 


the mediu paper is called 10, what 
larger EDEN describes the darkness of the 
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dark gray paper? Please write down your 
answer on the slip of paper provided." The 
instructions were explained if necessary by 
paraphrasing them. For groups whose first 
variable had a greater reflectance than the 
standard, “light gray” was substituted in the 
instructions for "dark gray," and "smaller" 
for "larger." For groups judging lightness 
instead of darkness, “lightness” was sub- 
stituted for "darkness," and "smaller" for 
"larger." Oneor 1,000 was substituted for 10 
when required. 

As soon as O had written down his first 
NE, the second E changed the variable and 
handed him an additional instruction card. 
The typical instructions which followed the 
example given above read: "What number 
smaller than 10 describes the darkness of the 
light gray paper? Please write down this 
second answer below your first." The 
procedure was repeated until a group of 50 
acceptable pairs of NEs had been collected. 
Under 4% of the answers did not satisfy the 
instructions, and were therefore discarded. 

Calculations.—Two distinct median meas- 
ures were calculated. The group median is 
the median of the 50 O's ina group. Owing to 
the tendency to select numbers ending in 
zero or five, occasionally the last 2 O's could 
change the value of the group median by 
over 10%. The mean mediam is the average 
median of five subgroups, comprising the 
first and last 5 O's іп the group, the second and 
one from last 5 O's, and so on (thus balancing 
for the position on the table of the standard 
relative to the variable). This mean median 
should be more stable, and has a standard 
error which permits ¢ tests to be carried out. 
Two-tailed tests have always been used. 
The exponents (assuming that judged re- 
flectance is a power function of physical 
reflectance), and their 5% fiducial limits were 
calculated from the logarithms of the five 
medians of each group. 


RESULTS 


The main results are shown in 
Tables 1 and 2. As far as the range 
of available reflectances would permit, 
the values of the variables were 
selected to produce predicted NEs of 
about 5 or 20, since very first NEs of 
about half the numerical value of the 
standard have been found to be less 
biased by O's tendency to select a 
number a little too close to half (Poul- 
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TABLE 1 
JUDGMENTs or LIGHTNESS 
Standard First Variable Second Variable 
Numerical Estimate Numerical Estimate 
Group [4 96 95 
Reflect- Reflect. Reflect- E 
| жт ыы иы аа | 8 Жн, | Afgan, | e<vonen 
First Variable Lighter 
4 62-.25* 
53 83 27.5 | 30.3 | 2.374.994 186 4 $.7 | 9t 
HIB 18.6 53 20 22.8 -164.32 3.4 2 2.5 HEN 
IIB 7.8 44 25.5 | 38.6 | .78£.50* 34 4 $9 | 1.15 60 
VB E 34 25 29.2 | .492-.18* .26 5 5.3 25—66 
VIB 26 7.8 45 42.7 | А11] 44 78 | 745 | .39-. 
First Variable Darker 
15 
ID 83 18.6 4 40 | 624.10] 44 7 7.1 | 55219, 
IID 53 18.6 5 47 | .722-.08*| 83 18 | 184 962-24 
IID | 18.6 3.4 1 1.6 | 1.15.37 | 53 18 | 194 GIO 
IID| 78 34 4 4.1 | 1.08£.28 | 44 18 17.5 Do 
VD Al 26 | 5 19 11.594 54] 34 18 18.5 | .29=. 


* With identical display, first and second judgments differ at p < .05, 


TABLE 2 
JUDGMENTS or DARKNESS 
Standard First Variable Second Variable 
Group " " Numerical Estimate " | dap 
Reflect- Reflect- Reflect- р, t 
ance ance xou» Уап. Exponent ance Group Mn Exponen! 
First Variable Lighter 
IIA 53 83 2 24 | 3.24.58 | 186 | зо | 339 | 1 13237 
HIA 18.6 53 4 $6| .9:15| 34 18 17.9 SED 
ППА 7.8 44 3 3.5 | .62--.08* 34 16.5 16.3 SR 
VA 41 3.4 6 6.1 | .242-.08* .26 13 13.9 Шо; 
УТА 26 7.8 5 45! 232.04 | 44 2 21 | 31207 
First Variable Darker 
6 
186 | 101.7 | 125.7 | 1.67 24 44 50 53.4 | 2.54.7 
elg 186 | 25 | 315 | 106341] 4 25 | 24 | 3.20+.58 
C | 186 34 309 | 350 | 724 21*| $3 3 $1 | 1.1240 
Me T 34 252 | 25.8 | 1.124 20+] 44 3 29 | 122.00 
ШШ 41 26 | 15] | M9 | 873296} чш Н 41 | 424. 


* With identical display, first and second judgments differ at ? < .05, 
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Fic. 1. Relationship between reflectance of sta: 


medians of the very first NEs of unpracticed O's. 
smaller than the reflectance of the standard, and for a number 


10 to infinity. Each point is from a separate group of 50 O's, 
labeling in Tables 1 and 2.) 


With a reflectance greater and 
Tange of from 10 to 0 and from 
and is labeled to correspond to the 


ton & Webster, unpublished? ; Stevens 
& Poulton, 1956). For Groups IHD 
and ПА who gave median first NEs 
of 1 and 2, respectively, it is possible 
that the exponent has been under- 
estimated. 

The exponents of the first judg- 
ments are plotted in Fig. 1. The 
reciprocals of the exponents are pro- 
Portional to the differences in db. 
required for half or twice judged 
reflectance. Figure 1 is thus com- 
Parable in general orientation, though 
it is not related linearly in scale, to 
Stevens’ (1955) Fig. 1, 2, and 6 which 
show the difference in db. required for 
half or twice loudness at different 
Sound pressure levels. For the stand- 
ards with reflectances of 83%, 52%, 
41%, and .26%, all the differences 

etween the points on the four 
functions are significant at the .05 
level or better, but for the standards 
With reflectances of 18.6% and 7.890 
only the more widely separated points 
are reliably different (see the 5% 

ducial limits in Tables 1 and 2). 

When the reflectance of the stand- 
ard was high, variables with reflect- 
ances greater than the standard gave 
arger exponents than variables with 
Teflectances smaller than the standard, 


ndard and exponent calculated from the 
(This is shown separately for a variable 


The reverse was the case when the 
reflectance of the standard was low. 
The differences were particularly 
marked when the range of numbers 
available to O was restricted to be- 
tween 10 and 0. The means of the 
points on the four functions for 
standards with reflectances of 53%, 
18.6%, 7.8%, and .41% are, re- 
spectively, 1.85, .91, .90, and .80. 
If reciprocals are taken before the 
means are calculated, and the re- 
ciprocals of the means are then taken, 
the values are 1.31, .88, .86, and .50. 
This latter procedure corresponds to 
Stevens’ (1955) method of computing 
the exponent from the average differ- 
ence in db. of the physical magnitude 
required to give half or twice the 
sensory magnitude. 

Contrast with background.—Poulton 
and Webster (unpublished)? found 
that when the reflectance of a gray 
background lay between the reflect- 
ances of the standard and variable, 
it exaggerated the size of the ex- 
ponent. The points in Fig. 1 which 
may be too high as a result of the 
present brown background with a 
reflectance of 20% are IC and D 
IIC and D, IIIA and B, and IIIIA and 
B. With the exception of IIIA and 


302 


B, these points are the lowest for their 
particular standards. IIIA and B 
have one point lying below them, but 
the difference is reliable statistically 
only in the case of IIIA (5 < .02), 
whose position on the A function in 
Fig. 1 fits in neatly between the 
points ПА and ППА. Thus al- 
though an effect caused by the 
reflectance of the brown background 
cannot be ruled out, it is certainly not 
responsible for the general picture in 
Fig. 1. 

Prior context.—For 16 groups of O's 
the variable judged second lay on the 
opposite side of the Standard to the 
variable judged first. These second 

Es can be compared with the first 
NEs made with the same display by 
different groups. Tables 1 and 2 show 
that in eight instances (marked with 
asterisks) prior context affected the 
Second judgment to а statistically 
reliable extent, The exponent of the 
second judgment of Group IIB in 
Table 1, which followed a first judg- 
ment using a range of numbers be- 
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tween 10 and infinity, is significantly 
larger than the exponent of the first 
judgment of Group IID. Similarly 
the exponents of the second judgments 
of Groups II, ПІІ, and VD, which 
followed a first judgment using a range 
of numbers between 10 and 0, are 
significantly smaller than the re- 
Spective exponents of the first judg- 
ments of Groups II, IIII, and VB. 
There are two further instances of 
each kind in Table 2. They suggest 
that in attempting to make a second 
judgment consistent with the first, 
some O's did not think in ratios; there 
was a tendency to look upon NEs of 5 
and 15 as comparable with respect to 
the standard called 10. 
Numerical value of standard.—Table 
3 shows the four additional groups for 
whom the standard was called 1,000 
or 1, each paired with the comparable 
Sroup taken from Table 1 or 2 for 
Whom the standard was called 10. 
тоир ID? and VIA? made fractional 
estimates with the standard called 
1,000, and thus had available a 


TABLE 3 
NUMERICAL VALUE or STANDARD 
Standard First Variable Second Variable 
Vent Group 95 % Numerical Estimate | Numerical Estimate 
able Reffect-| Numerical р а ——— MÀ — — 
ance ance | Group ean 55 t 
Median | Median | Exponent | ance Median | Median Exponen 
Judgments of Lightness 

; УІВ°| 26 1 7.8 6 б 
Lighter | yrg 26 10 78 | as 85 ЖЕ d 8° | 5 39200 
ID | 85 100 LA TEES [Sas pe Шит [эш 1s 

Dine p 83 10 18.6 694.17 4 744 46 + 
I | E А0 | холо | 49 | 750 71 | 155415 

Judgments of Darkness 
TAS 26 1000 7.8 | 400 389 7 
Lighter ИА | 26 ON ыы га эх: н | |17 sitos 
VIA | E teet : 44 2 таканы 
IC? | 83 1 18.6 | 10 111 [тв 702-45 
Darker | 18 83 10 18.6 | 101.7 | 1557 11672228 n 5 EEE 
* VIA? — VIA; p < .05. 
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greater range of numbers than Groups 
ID and VIA. Of the four differences 
between pairs of exponents, only the 
difference between the first judgments 
of Groups VIA? and VIA was signifi- 
cant (p < .05). It was in the ex- 
pected direction of a higher exponent 
With the greater range of numbers, but 
the ratio was only 1:1.2. 

‚ Groups VIB? and IC? made mul- 
tiple estimates with the standard 
called 1, and could thus select a 
number many times as large as the 
Standard without the number appear- 
ing excessively large as it might have 
done for the comparable Groups VIB 
and IC. Table 3 shows that this did 
Not produce a consistent or sta- 
tistically significant difference. Thus 
With unpracticed O's the exact choice 
of number for the standard is not as 
Critical as it appears to be with 
Practiced O's who have associated 
Particular numbers with particular 
Sensory magnitudes. With experi- 
enced O's judging loudness Hellman 
and Zwislocki (1961, Fig. 9) found 
that changing the number allocated 
to the standard by a factor of 100 
Changed the median estimated frac- 
tional ratio by a factor of up to about 
10, and the corresponding multiple 
Tatio by a factor of up to about 2: 


DISCUSSION 

s that in the absence of 
ffect of prior context 
Poulton & Webster, 


Figure 1 show 
the possible biasing € 
(Garner, 1954, 1959; 
Unpublished?; Warren & Poulton, 1960), 
the exponent calculated from magnitude 
Judgments of relative reflectance depends 
Upon E's choice of the reflectance of the 
Standard and first variable—or presum- 
ably of the first two variables if no 
Standard is present (Stevens, 1956, 
P. 19)—and on the range of numbers 
available to О. It appears to be im- 
Possible to obtain a direct measure of 
Sensory magnitude which is unaffected 

Y the experimental conditions under 
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which it is made. This raises serious 
doubts as to whether it is possible to 
obtain direct measures of sensory magni- 
tude having any general meaning, as 
opposed to a restricted operational 
meaning. 

The finding that the physical magni- 
tude of the standard is a determinant of 
the exponent when prior context is 
eliminated, appears to present consider- 
able difficulties in comparing exponents 
derived from different sensory continua 
(Stevens, 1960a, 1960b, 1961a, 1961b). 
For it does not seem possible to state 
a priori what intensity of standard in one 
continuum should correspond to a given 
intensity of standard in another. Unless 
standards in different continua can some- 
how be equated, and these standards are 
used in the defining experiments with un- 
trained O's, it is clearly incorrect to 
ascribe the differences in exponent found 
with different sensory continua to the 
nature of the sensory “transducers” as 
Stevens (1960b, p. 251; 1961a, p. 27) 
has done. The range of exponents which 
Stevens has listed for different sensory 
continua, from .33 for brightness with a 
5° target to 3.5 for a 60-cps electric shock 
through the fingers, corresponds remark- 
ably well to the range of exponents of 
from .23 + .04 to 3.24 + .58 found by 
us for the single continuum of reflectance 
by altering the conditions of measure- 
ment. Contrary to what has been 
claimed (Stevens, 1960b, p. 246; 1961a, 
p. 24) "cross-modality matching" does 
not validate the methods used to measure 
sensory magnitudes; it only demon- 
strates that experienced O's (Stevens, 
Mack, & Stevens, 1960, p. 61) can learn 
to judge consistently in and between 
different sensory continua. 

The optimist who still believes in the 
generality of direct measures of sensory 
magnitude might try averaging the four 
complete sets of data in Fig. 1 for 
different reflectances of the standard. 
A simple averaging of the four exponents 
gives means ranging from 1.85 for the 
standard of 53% reflectance, to .80 for 
the standard of .41% reflectance, a ratio 
of 2.3 to 1. Stevens’ (1955) method of 
averaging the differences in db. required 
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for half or twice the sensory magnitude 
gives means ranging from 1.31 to .50, 
a ratio of 2.6 to 1. These ranges of 
exponent for a single sensory continuum 
are too large to tolerate with intellectual 
comfort. 

A more hopeful expedient would be to 
discard the data derived from standards 
which give the most widely different 
exponents for fractional and multiple 
judgments, on the grounds that these 
are effects related to one or other end 
of the physical range of stimuli, and are 
therefore "atypical." It would leave the 
data in Fig. 1 only for the standards of 
18.6% and 7.8% reflectance. Using 
Stevens’ technique for averaging, an 
exponent of .87 would be obtained, A 
practical disadvantage of adopting this 
expedient for all sensory continua is that 
it would first be necessary to run separate 
groups of inexperienced O's with stand- 
ards of representative physical magni- 
tudes, and with first variables greater 
than and less than the magnitudes of the 
standards, in order to discover where the 


"typical" range of standards lay. This 


would require a large number of naive 
O's, but is quite feasible. 
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and relearn 
g of dissy 
stimulus 
the effect 
g rank 


Ss learned, recalled, 
associate lists, consistin 
meaningfulness. Both 
tated learning though 
expected, the increasin 
High, High-Low 
hierarchy 0 
scoring over even High-High. 

remembered when paired with 
associated with high meaningfu 
High was exp 
tions and interference from them. 


1 


an experiment 
has been made 
tive influence 
f the stimulus 


_ This study reports 
in which an attempt 
to investigate the rela 
of the meaningfulness О 
and response members on paired- 
associate learning andretention. Ear- 
lier studies have confined themselves 
to paired-associate learning alone. 
Chey generally explored the difficulty- 
meaning relationship for acquisition 
of verbal materials. It was assumed, 
that the differential effects of stimulus- 
response meaningfulness on paired- 
associate learning would be replicated 
for retention as well. In the present 
Study, an attempt was made to ex- 
plore not only the acquisition, but 
also the retention of paired associates, 
as determined by stimulus-response 
meaningfulness- 


However, it was thought that the 


difficulty-meaning relationships 1n 
Dpaired-associate lists could not be 
entirely independent of interference 
Or transfer effects— transfer gradi- 
ents” as Woodworth and Schlosberg 
(1954, p. 754) have called them— 
from previous stimulus-response hab- 
its; there would be sone confounding 
of effects. The transfer effects may 
be different according as new re- 


order of difficulty 
‚апа Low-Low was obtained for learning ; howi 


f effects was disturbed in the cas 
High meaningful respo 


lained in terms of spontaneo! 


constituted paired- 
gs of high and low 
and response meaningfulness facili- 
of the latter was much greater. Аз 
of High-High, Low- 
ever, this 
e of retention by Low-High 
nses are better 
meaningful stimuli than when 
Inferior retention of High- 
us recovery of older connec- 


ed 4 differently 
llables and paralo: 


low 
stimuli. 


sponses are made to the old stimulus 
units, or the same responses are made 
to new stimulus units, or both units 
are new. Difficulty or ease of paired- 
associate learning and retention is 
regarded as being a joint function of 
transfer gradients from previous stim- 
ulus-response relationships and the 
inherent meaningfulness of stimulus 
and response terms. Actual ease or 
difficulty of learning and retention of 
variously constituted paired-associate 
series would depend upon a delicate 
balance of transfer gradients and the 
facilitative effects of meaningfulness. 

Again, it is also conceivable that 
the interaction of meaning and trans- 
fer effects may be different for learn- 
ing and retention of paired associates. 

In the context of these considera- 
tions, the following hypotheses were 
formulated : 

1. In learning High- 
there would be some interference from 
past associations of the high mean- 
ingful stimuli. However, this inter- 
ference would be counteracted by the 
present response set and by the 
facilitative effect of response meaning 
on the learning of paired associates. 
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High series, 
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2. In the case of retention (as 
measured by recall, saving, etc.) there 
would be greater competition and 
interference from the spontaneous 
recovery of old associations of high 
meaningful stimuli, as these would 
not be inhibited by any present re- 
sponse set. This greater interference 
would not be adequately counteracted 
or compensated by response meaning- 
fulness and, therefore, meaningful 
response members would be better 
remembered when they are Paired 
with low meaningful stimuli. In 
short, it was hypothesized that the 
High-High would be superior to Low- 


may actually be 
than High-High., 


METHOD 


Design of the experiment.—A simple 2 х2 
factorial desi n the learning 
; and it followed the 
the Paired-associate 


f learning as well as 


Materials.—Four 
each consisting of 10 р: 
(1952) list of dissyllables 
meaning (m), 
experiment. 
Low, 


rage m values 
des of the lists 
) Low (15). 
(1.25), and Low 


A practice list of four Pairs was used to 
acquaint the Ss with the apparatus and the 
paired-associate procedure. 

Subjects—In all, 320 undergraduate and 
postgraduate students Participated in this 


experiment on a voluntary basis, The mean 
age of the group was 21 yr. 
Procedure.—AÀ memory drum presented 


first the stimulus word of each pair, for 3 sec., 
during which the S was required to anticipate 
and produce the associated response member, 
and then the stimulus and response words 
of the pair together were presented for another 
3 sec. The Ss learned by the anticipation 
method except for the first two learning trials, 
They pronounced the dissyllables in an 
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agreed, uniform way. The pairs were pre- 
sented in three randomized Sequences, as а 
precaution against possible position Dias 
There was a rest interval of 15 sec. after eac 
trial, including the first two runs through the 
list. Standard paired-associate instructions 
were given to the Ss, я 
The 320 Ss were randomly assigned, ч 
groups of 80, to learn the lists HH, LH, H d 
and LL. In order to study retention, each 
group of 80 Ss was further divided into ia 
subgroups of 20. The four subgroups pe 
their retention tests 24 hr., 48 hr., 96 hr., an 
1 wk. after the learning session. UD 
was measured in terms of the number of trials 
required to reach the criterion of one erroriess 
recital. Retention was measured by Ee 
puting: (а) the number of items recalled a. te 
Specified interval, and (b) the percent saving 


in relearning the list to the same criterion. 
Titus 


a иа) 


Toward а rv 
E рле legacy. 
Ani. 


Ching. (b) Е егі- 
Scores Ее Рооитох, E €XP 


" 5 hess by unp3, 12.55, 
Iis „ДУ SEC зри High, 
\ listing, Wee. Pow; and Low-Low 
cs. Fey ш The results clearly 
show an increasing rank order О 
difficulty for the HH, LH, HL, and 
LL lists. These results are generally 
in agreement with those obtained by 
Cieutat, Stockwell, and Noble (1958), 
and Hunt (1959) апа the two pre- 
dictions of Noble and McNeely ae 
P. 21). The list with high meaningful 
stimuli and high meaningful responses 
is definitely easier than any omen 
list. Orrespondingly, the list with 
low meaningful stimuli and low mean- 
ingful responses is the most difficult. 
Similarly, as expected, the effect of 
or POnSe meaning is greater than that 
of stimulys Meaning. Also, the dif- 
ference between the mean scores for 
the two High-R lists and the pé 
Low-R lists is greater than the dif- 
ference between the mean scores of 
n i two High-s and the two Low-S 
155, 
However, whereas Hunt (1959) 
= БОГЕ that eV ода іп геѕропѕе 
meaningfulnesg Produced a significant 


earning 
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effect upon acquisition. . .. Stim- 
ulus meaningfulness and articulation 
produced no significant effects" (p. 
266), in the present experiment, as the 
analysis of variance in Table 1 reveals, 
Fs for response meaningfulness as well 
as stimulus meaningfulness are highly 
Significant, having probabilities of 
less than .01. 

Thus, under the conditions of the 
present experiment, either of the 
following inferences are indicated : 
(a) lists with high meaningful response 
terms are significantly easier than 
the lists with low meaningful response 
terms, and (b) lists with high mean- 
ingful stimulus terms are also sig- 
nificantly easier than the lists with 
low meaningful stimulus terms. 

There is a significant interaction 
between the two variables, response 
meaning and stimulus meaning, 50 
that (а) the difference in learning 
Scores between the high response- 
meaning lists and the low response- 
meaning lists is less when stimulus 
members are highly meaningful than 
When they are of low meaningfulness, 
and, similarly, (b) the difference in 
learning scores between the high 
stimulus-meaning lists and the low 
Stimulus-meaning lists is less when 
response members аге highly mean- 
ingful than when they are of low 
meaningfulness. 

Bartlett's test 5 
ances among the f 


howed unequal vari- 
our experimental 
these do not 1n- 


groups. However, © о т 
validate the very highly significant 
TABLE 1 
ANALysis or VARIANCE OF LEARNING SCORES 

Source af F 
Response meaning (R) 1 ае 
[ише meaning ©) RE s 
316 (75.46) 


Within groups (error 


CAD donee 


**p <.01. 
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TABLE 2 


MEAN RECALL SCORES OF THE 
EXPERIMENTAL GROUPS AT 
DIFFERENT TIME 
INTERVALS 


Experimental Conditions 


Time Intervals 


High- | Low- | High- | Low- 

Higl High Low Low 

24 hr. 8.55 | 9.00 | 8.55 | 6.90 

48 hr. 8.45 | 8.80 | 7.10 | 7.50 

96 hr. 7.65 | 9.00 | 7.35 | 6.75 

1 wk. 7.15 | 9.10 | 6.50 | 6.80 
Means for the 7.95 | 8.98 | 7.38 | 6.99 


principal ex- 
perimental 
groups 


Note.—Each cell mean is based on 20 recall measures. 


TABLE 3 
ANALYSIS OF VARIANCE OF RECALL SCORES 


Source df F 
Time intervals (T) 3 3.83* 
Experimental condi- 3 59.78** 
tions (E 
mox E 9 1.81 
Within sets (error MS) | 304 (2.86) 


Note.—Time intervals involved are 24 hr., 48 hr., 


96 hr., and 1 wk. 
a F is almost significant at .05 level. 


жр « 0l. 


main effects. Moreover, Bartlett’s 
test brought out an inverse relation- 
ship between ease of learning a list 
and variability in mastering it. 

Retention.—The mean recall scores 
(number of items recalled) of High- 
High, Low-High, High-Low, and Low- 
Low were 7.95, 8.98, 7.48, and 6.99, 
respectively. The High-High, Low- 
High, High-Low, and Low-Low hier- 
archy of effects, obtained for learning 
was, however, disturbed, in the case 
of retention, by Low-High scoring 
over High-High. 

Analyses of variance in two criteria 
classifications reveal that variations 
in time interval, and more impor- 
tantly, variations in experimental 
conditions of stimulus and response 
meaningfulness carry with them sys- 
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tematic variations in recall scores. 
Mean recall scores and their analysis 
of variance are presented in Tables 2 
and 3, respectively. 

Maximum saving occurred in LH 
and minimum in HH, for all time 
intervals, without any reversions, 
However, no tests of significant dif- 
ferences were made between pairs. 

As was hypothesized, it is important 
to note that, in retention as measured 
by recall, the experimental condition 
Low-High is superior not only to its 
reverse High-Low, but also to High- 
High and Low-Low, 

This superiority of the experimental 
condition Low-High over even High- 
High needs to be further considered, 


Discusston 


The main result 
аге consistent with 


ing generally. facilitates 
retention. 


The expected hier. 


ed in learning, 
; there was deviation from this 


me interference or 
from old multiple 


meaningful stimuli 
is to be expected, However, as learning 


Proceeds, the experimental responses 
alone are reinforced and the extraneous 
associations, not being reinforced, are 
extinguished and inhibited, 

This extinction or inhibition of old 
S-R habits, generated in the learning of 
HH, is dissipated during the interval 
between learning and recall or relearning 
tests. The extinction process, which 
blocks and neutralizes habit strength of 
old associations, weakens by passage of 
time, thus allowing old connections to 
interfere with the recall of experimental 
response units. There is some spon- 
taneous recovery of old connections 
which now interfere and reduce the recall 
score of HH as compared with LH. 

According to Hull's theory, perform- 
ance is dependent on habit strength and 


V. K. KOTHURKAR 


present drive. In learning HH, old 
habits are held in abeyance and pe 
present drive favors the production o 
reinforced responses, "m 

However, in remembering, the indi- 
vidual is thrown back upon his past, 
learned reactions and associations; there 
is competition and rivalry among them, 
and thus causing greater interference 
and reduced recall. In LH, the low 
Meaningful stimulus has fewer or no 
associations connected with it, and hence 
there is less interference and better 
recall. By the time of the retention test, 
the old inhibited bonds spontaneously 
recover and, because of the relative 
freedom from the bounds of the resen 
cause greater interference in the reca 
of Я 

The superior retention of LH, as e 
Pared with HH, may also be accounte 
for in terms of freedom from еше 
and isolation effects, Under HH, xr 
interference of other associations, both 
from within the stimulus and response 
Sides of the list and from outside the list, 
result in inferior recall; in LH, the 
Stimulus side Consisting of meaningless 
Paralogs provides an excellent v 
ference-free background against ие 
the meaningful response members stan 
Qut sharply ang unambiguously, and, 
hence, there is better retention. 
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vestigated the 
tim 
f 


The experiment in 
temporal relations among the s! 
were employed. The duration o 
with 2 groups at each interval. 

600 and 100 msec., respectively. 
sisted of a tone and 2 
the compound, separate groups w 
alone. The shi 
increase in GSR magnitu 
order and origina. 


In 1959 Wickens, Gehman, and 
Sullivan published an article which 
dealt, in a specific situation, with the 
response strength accruing to the ele- 
ments of a compound stimulus which 
has been associated with reinforce- 
ment, The situation with which they 
Worked was classical GSR condition- 
ing to shock reinforcement. The 
independent variable of the experi- 
ment was the time of onset of one of 
the CS elements of the compound with 
respect to the second CS element as 
Well as to the UCS. Specifically, the 
two conditioned stimuli employed 
Were a light and a tone and they were 
compounded in the following fashion : 
One of these stimuli always preceded 
the shock (UCS) by 500 msec., а 
temporal separation which has been 
Presumed to result in optimal condi- 
tioning when a single stimulus serves 
as the CS ( Moeller, 1954; White & 
Schlosberg, 1952). 


The other stim- 
ulus, the longer one of the pair, pre- 
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This experimen Y 
Senior author as his МА thesi: 
State University- 


t was submitted by the 
s at the Ohio 


different lights. 


ft from triple stimulation to 
de and also a significant intera 


] precedence time. 


orienting response as a function of 
uli, with GSR the measure. 3 stimuli 
the 1st was 1300, 1050, or 750 msec., 


The duration of the 2nd and 3rd were 


They terminated together and con- 
Following 10 presentations of 
ere tested to the 1st or 2nd stimulus 
single produced a significant 
ction between 


ceded the shock in the separate groups 
of the experiment by times ranging 
from 600 to 4600 msec. Following the 
10 conditioning trials, the Ss were 
tested to either the long or short 
element of the pair. Control groups, 
conditioned to a single stimulus, 
paralleled the interstimulus intervals 
selected for the longer element groups. 
The curve for these single stimulus 
groups showed the expected mono- 
tonic decline in response strength as 
the interstimulus interval increased 
from 500 msec. to approximately 1500 
msec, The curve for the long element 
of the complex, however, rose to a 
maximum in the neighborhood of 
900 msec. and then dropped rather 
sharply ; and the curve for the shorter 
element—plotted against the time of 
onset of the longer element—can 
economically, and with adequate ac- 
curacy, be described as the mirror 
image of the long stimulus curve. 
Since the date of publication of this 
article a rather considerable amount 
of research has been published on 
what has been variously called the 
orienting reflex (Razran, 1961; Soko- 
lov, 1960) or the perceptual disparity 
reaction (Grings, 1960). Essentially, 
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these concepts refer to the fact that 
if a particular stimulus is given for a 
number of trials during which series 
there is usually a continuous decre- 
ment in GSR magnitude on Successive 
stimulations, and the series is immedi- 
ately followed by a change in the 
nature of the stimulation, there will 
be a marked increment in the GSR 
magnitude. In short, novelty of 
stimulation is a Sufficient condition 
for the evocation of the GSR. It is 
apparent that the element testing 
Procedure employed in the Wickens, 


and Sullivan experiment 
the 


for the evocation of the or 


The present experiment was under- 
taken to investigate this Possibility, 
Essentially, it simply Substituted for 
the shock UCS the innocuous illumi- 
nation of a neon bulb, hat is, it too 
employed three stimuli, Presented in 
certain temporal relations, but the 
third did not have the Consistent and 
powerful response evoking character- 
istics of the shock. Three different 
intervals between onset of the long 
and short element—150, 450, and 700 
msec.—were employed. These inter- 
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vals were chosen because relatively 
large differences in response strength 
to the long and short element would, 
according to the Wickens, Gehman, 
and Sullivan results, be expected at 
these particular times, with the short 
greater than the long at 150, the 
reverse being true at 450, and with 
another reversal at 700. 


METHOD 


Subjects —The Ss were 141 students from 
the elementary psychology course at the Ohio 
State University. The data for 120 Ss Md 
reported, the remainder being erint 
because of base resistance above 100.000 
ohms, E errors, or equipment failure. Then 
were 20 Ss in each of the six groups of the 
experiment. f 

Apparatus —Timing was controlled by 
Tektronix equipment consisting of au 
Wave-form generators, two pulse ee) 3 
and a power supply. Stimulus duration a 
interstimulus intervals were measured Д 
means of a Hunter Klockkounter, and Асе й 
ing to these measurements, timing , bcr 
accurate to +43 msec. The auditory be 
was а 1000-cycle tone at 60 db. (re 000 
dyne/cm?) generated by a Jackson auia 
frequency oscillator and delivered throug 
Willson “sound barrier earmuff earphones: 

he visual CS was produced by the illumina 
tion of a white 2-w. lamp placed behind г 
2-in. square White panel. It was located P 
eye level approximately 6 ft. directly in tront 
of S. Two neutral Wratten filters reduce 
the intensity to a level which was judged by 
Several O's to pe equal in psychologica 
effectiveness to the tone. The UCS pte 
was produced by a General Electric Ne 4 
neon bulb located 34 in. below the visual CS. 

he GSR Was measured by means of a Fels 
dermohmeter and recorded from electrodes 
clamped to the Palm and back of the left 
апі. The din, diameter zinc electrodes 
Were contained in Plastic cups and they were 
freshly filled for each S with an electrode 
jelly Consisting of zinc sulphate, bacto-agar, 
and distilled water. The E recorded the 
response visually to the nearest 200 ohms 
Хт a meter on the face of the instrument. 
A reading was taken of the resistance at the 
time the Stimulus was administered (Ry) and 
of its minimal value within 2 sec. after 
stimulation (Ra): A score was obtained by 
Subtracting the reciprocals of these resistances, 
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multiplying by 105, adding 1.0, and obtaining 
the common log of this number. 

The S's room was adjacent to the experi- 
mental room and contained a ventilating fan 
that, together with the earphones and a 
Partition between the rooms, prevented S 
from hearing the operating noise produced in 
E's room. During the experiment S's room 
was dimly illuminated by a 6-w. night light. 

Conditions and  groups.—Six different 
groups of Ss were employed in the experiment 
and they differed from each other with respect 
to the temporal duration of the longer 
Stimulus or to the element to which "extinc- 
tion” tests were to be given following training 
to the compound. For all groups the shorter 
element began 500 msec. before the neon bulb 
flash (the shock surrogate) and terminated 
Simultaneously with it. The duration of the 
bulb flash was 100 msec. ‘The duration of the 
ong stimulus, which was coterminous with 
the short stimulus and neon bulb flash, varied 
among the groups. For one pair of groups 
it preceded neon bulb onset by 650 msec., 
for another pair by 950 msec., and by 1200 
msec, for the final pair. Thus, their times 
Prior to onset of the short stimulus were 150, 
450, and 700 msec., respectively. 

Procedure.—The Ss were assigned ran- 
domly to the treatment conditions, with the 
Provision that the groups be nearly equal in 
Size at the end of each week. 1 

After S was seated, he was told that his 
responses were being measured to various 
stimuli and that he would hear а tone and see 
two lights, but that there was nothing which 
he need do other than to keep his eyes open 
and the hand on which the GSR electrodes 


were attached relatively still. . 1 Р 
The “training” procedure in this experi- 


Ment was an exact duplicate of the Wickens, 
Gehman, and Sullivan procedure, save that 
the light flash was used as a shock surrogate 
On these 10 trials. The procedure was also 
duplicated during the 5 “extinction trials 
With a group at each interval being tested to 
the short stimulus and another group to the 
long stimulus. As in that experiment, the 
tone was the stimulus employed during this 
"extinction" series. These tone trials were 
followed by three similarly patterned tests 


to the CS light alone. 


RESULTS 
ws the mean log con- 
for the long and short 
for the last two ac- 
s a function of time 


Figure 1 sho 
ductance scores 
Stimulus groups 
quisition trials a 
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Fic. 1. Mean magnitude of response during 
the last two training trials for all groups. 


interval. The responses at this point 
in training were very small. In fact, 
of the total 120 Ss, 75 gave no response 
on either Trial 9 or 10, 41 Ss did not 
respond on both of the last two ac- 
quisition trials. Since the distribu- 
tion of scores was so markedly skewed, 
the nonparametric Kruskal-Wallis one- 
way analysis of variance was com- 
puted for the long and short groups. 
The test indicated no significant 
differences for either the long or the 
short stimulus groups, and Mann- 
Whitney U tests between tone and 
light groups at each time interval 
were not significant. 

To test whether Ss responded sig- 
nificantly greater during the tests to 


TABLE 1 


ANALYSIS OF VARIANCE FOR DIFFERENCE 
SCORES: TESTS TO THE TONE 


Source df SS MS F 

Between-S 119 |186.98765 
Long or short 1 .01374 | .01374| .009 

stimulus (B) 
Time interval (C) 2 .07197 | .03598| .024 
BXC 2| 14.99610 | 7.49805] 4.972%* 
Error 114 |171.90584 | 1.50794 
Within-S 480 |202.17614 
Disparity trial (A) 4| 8.75307 | 2.18827) 5.438% 
AXB 4| 1.47469 | .36867| .916 
AXC 8| 7.15247 | .89406| 2.222* 
AXBXC 8| 1.31509 | .16439| ‚409 
Error 456 |183.48082 | .40237 

Total 599 |389.16379 

жр < .05. 

sp € 01, 
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MSEC. 


"acquisition trials," 


Score on the disparity trials. 
Coxon  matched.pairs 

tests were computed for 
all disparity trials. For 
disparity trials—the test: 
alone—all 


Wil- 
signed-ranks 
all groups on 
the first five 


TABLE 2 


ANALYSIS OF VARIANCE or DIFFERENCE 
Scores: TESTS то THE Licur 


Source df SS MS F 

Between-S 119 [128.13830 
Топу or short 26744! 26744] — 343 

stimulus (B) 
Time interval (C) | 2|  04973| 02485 о 
Bee 2 | 265236 11:32618) 1:992 
Error 114 125.16878 | 1:09797 
m 97 

ARA AITA 2| 11 -55686| 12.18544 
Dupuy ена оа: [og -09011| .04506| 008 
ROR 4| 3.38417 | :84604| 1:925 
E б 4| 2.73755 | .68444| 1:501 
а. 228 103:07778 | :45604 

E 359 |249.44183 

жер <01. 
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long-tone group and Trial 5 for the 
150 short-tone group. 

Figure 2 shows the mean of the 
difference scores for all of the dis- 
Parity trials to the tone alone. An 
analysis of variance was done on these 
data and the summary table is shown 
in Table 1. The main effects of time 
interval and long or short stimulus 
Were not significant, but the effect of 
trials reached the .01 level. In addi- 
tion, the interaction of time interval 
and long or short stimulus was sig- 
nificant at the .05 level. The source 
of the interaction of time interval 
and the long or short stimulus is rather 
obvious from an inspection of Fig. 2. 
А t test indicated that the long stim- 
ulus group is significantly superior 
(05 > р > .01) to the short stimulus 
group at the 150 interval, while the 
short is significantly superior to the 
long at the same level of confidence 
at the 450-time interval. At the 700 
interval the long and short stimulus 
Sroups did not differ significantly. 

"he same analysis was done on the 

isparity trials to the light alone, and 
à summary of this analysis is shown 
in Table 2, The only significant 
effect at this point in the experiment 
was that of trials. The ¢ tests between 


SCORE 


TEST TO 


TONE 


DIFFERENCE 


TEST TO 
LIGHT 


j 2 3 4 5 
DISPARITY TEST TRIAL 


Fie. 3, Extinction of the perceptual 


disparity response. 
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the long and short stimulus groups 
were not significant at any of the 
three intervals. A Wilcoxen matched- 
pairs signed-ranks test between the 
mean of Trials 9 and 10 and the first 
test to the light was significant in 
every group, but no significant differ- 
ences were found for any groups on 
the third trial. 

Figure 3 shows the disparity effect 
Íor the tests to the tone and tests 
to the light, respectively, as а func- 
tion of trials. The data are the mean 
difference scores for all of the groups 
at each disparity trial and they clearly 
show a progressively smaller response 
with continual presentations of one 
element of the complex alone. In 
each analysis this accounts for the 
significant effect of trials. A / test 
Comparing the last tone trial with 
the first light trial was significant 
between the .02 and .01 levels. 


DISCUSSION 


This experiment was undertaken to 


determine whether or not the results 
obtained in the Wickens, Gehman, and 
Sullivan experiment could be accounted 
for by an orienting reflex or perceptual 
disparity reaction consequent to the 
Procedural change involved in testing 
to a single element. Essentially this 
experiment asked two questions, the 
first was whether or not an increased 
GSR would occur following the pro- 
cedural change, and the second was 
Whether or not its magnitude would 
Show the same functional relationship to 
the temporal variable of the С5,-С5 
relationship found by Wickens, Gehman, 
and Sullivan. The CS,-CS: difference 


values of 150, 450, and 700 msec. were 
alue for the long 


tervals would be 
high, and low, 


expected to be low, 1 c ^ 
site relationship 


respectively. The орро i 
should hold for the short stimulus, 
Namely high, low, and high. 

The results of the experiment confirm 
the expectation that а perceptual dis- 
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parity reaction or orienting reflex does 
occur when the element testing procedure 
is introduced. The magnitude of the 
response is increased significantly over 
that which was obtained on the final two 
trials of the "training" series, and this 
response increment decreased upon con- 
tinued presentation of the stimulus. 
These are two essential characteristics 
of the orienting reflex as described by 
Sokolov (1960). The habituation of the 
orienting reflex is described in Fig. 3. 

The rather rapid decrease in the 
amount of disparity reaction when tests 
were made to the light alone is consistent 
with results obtained by Coombs (1938). 
This investigator presented tones to an 
S while recording GSR. He found that 
the response decreased with continual 
presentations of the stimulus, but that 
the response returned when the stimulus 
was changed. When the changed stim- 
ulus was repeatedly presented, Coombs 
found that the response was habituated 
more rapidly than was the case with the 
original stimulus. The test trials in the 
present experiment seem to be analogous 
to the Coombs experiment. After habit- 
uation to the tone, the stimulus was 
changed to the light. An increase in 
response was noted when the light was 
presented, but the orienting reflex was 
habituated after only three trials. 

Thus, the results of the experiment 
clearly indicate that a GSR is generated 
by the shift in procedure involved in 
testing to an element of the compound 
stimulus, and that it persists with de- 
clining strength for at least five trials. 
In addition, the magnitude of this re- 
sponse proved to be an interacting 
function of order of presentation of the 
elements of the compound and their 
interstimulus interval in that the long 
and short elements differ significantly 
from each other at the interstimulus 
intervals of 150 and 450 msec. The long 
produced the larger response at 150 and 
the short at 450 msec. Presumably 
these reflect the operation of a perceptual 
disparity reaction or the orienting reflex. 
If shock is used as the UCS, as in the 
Wickens, Gehman, and Sullivan experi- 
ment, significant differences in response 
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strength to the two elements at these 
interstimulus intervals are also expected. 
Under those conditions, however, the 
magnitude relationships are reversed, 
with the long stimulus evoking the 
smaller response at 150 and the larger 
response at 450 msec. 

Although the curves for the long and 
short stimulus elements across time in 
this experiment are essentially the op. 
posite of those obtained in the Wickens, 
Gehman, and Sullivan experiment, the 
interpretation which was used to explain 
the earlier curves seems to be applicable 
in the present case. 

This theory might be called a sensory 


conditioning-stimulus generalization in. 
terpretation. 


of the single stimulus to the e 
the greater the 


he interstimulus 
single 


es toa greater 
or lesser degree the dominant or Salient 


element of the complex. This would be 
true of the short element at the 150-msec, 
interval because it is located at a near 
optimal interval—500 msec.—with re. 
spect to the light flash, whereas the long 
stimulus precedes it by the less effective 
time interval of 650 msec., but at a 
CS;,-CS; interstimulus interval too short 
for effective sensory conditioning, At 
450 msec. the long stimulus dominates 
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because it is located at a near optimal 
interval before the short stimulus so far 
as sensory conditioning is concerned, and, 
therefore, evokes the characteristics of 
the complex itself. The short stimulus, 
however, because of its backward rela- 
tionship to the long stimulus is unable to 
elicit the characteristics of the compound. 
At the 700 interval the long stimulus is 
too distant in time to be a highly effective 
Sensory conditioned stimulus for either 
the short stimulus or the light flash and 
thus the short stimulus—still 500 msec. 
from the light flash—begins to dominate 
the stimulus complex. In summary, 
the dominant stimulus of the complex 
is the Short, the long, and possibly once 
again the short at the 150, 450, and 700 
intervals, respectively. 

If the dominant stimulus of the com- 
plex is presented alone, its occurrence— 
Simply because it has dominated the 
complex—should not produce а marked 
disparity reaction. That is, this stim- 
ulus, by itself, has acquired the capacity 
to produce an effect quite similar to ш 
of the compound. There is, then, for 
no great disparity between this event 
and those which have occurred before, 
and hence, only a small perceptual dis- 
Parity reaction or orienting reflex results. 

© converse would be true for the minor 
stimulus when Presented alone. Its 
single Occurrence is perceived as being 
markedly different from the prior stimu- 
lation and hence, a strong perceptual 
disparity response occurs. Essentially 
this is what the data show to be the case. 
22е dominant short stimulus at the 150 
interval Produces a significantly smaller 
response than does the minor long stim- 
ulus; and the long stimulus, now domi- 
nant at the 450 interval, is significantly 
less effective in response evocation than 
15 the short, or minor, component of the 
complex. At the 700 interval there is no 
Significant difference between the two 
points and thus the prediction is not 
perfect, With respect to this temporal 
point, it should be added that the in- 
formation concerning the courses of the 
long and short stimulus curves at these 
onger intervals is not clearly established. 

is interpretation assumes that the 


ORIENTING REFLEX TO STIMULUS COMPOUNDS 


magnitude of the GSR would be a posi- 
tive function of the magnitude of the 
perceptual disparity reaction, and this 
Interpretation seems to be consonant 
With perceptual disparity theory. In 
describing the perceptual disparity re- 
sponse, Grings (1960) remarks: 


It is defined as the difference in magnitude 
of response between situations where receipt 
of stimulation following a signal cue is in 
accord with past experience and where receipt 
of stimulation is not in accord with past 


experience with the particular cue (p. 251). 


By quoting an experiment on stimulus 
generalization performed by Kimmel 
(1960) he makes it apparent that he also 
assumes that the magnitude of the 
evoked response is positively related to 
the magnitude of the disparity. 

It would appear, then, that the results 
obtained by Wickens, Gehman, and 
Sullivan cannot be interpreted as being 
solely the consequence of the orienting 
reflex, even though it does appear that 
the magnitude of the orienting reflex 
is a function of the temporal relationship 
of the elements of the complex. The 

ickens, Gehman, and Sullivan results 
Seem to be dependent upon the occur- 
rence of a response-eliciting UCS during 
the presentation of the compound. 
Actually, the manner in which the 
orienting reflex in the element testing 
Situation operates is probably to mini- 
mize differences, for its effect produces 
Tesponses which are opposite in direction 
to the shock associated curves. It is 
Suggested, however, that | the same 
Mechanism—sensory conditioning—op- 
erates in the same way in both situations. 

When the light alone was presented 
following the five “extinction” trials to 
the tone, orienting reflexes or perceptual 
disparity reactions were present, as 
evidenced by а significant difference in 
Magnitude of response compared with 
the last two training trials. There was, 

Owever, no significant interaction term 
as in the tests to the tone- Although at 
first blush it might appear that such an 
interaction is again to be expected, it 
should be pointed out that the perceptual 
disparity responses in this session would 
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be a function not only of the initial 
training, but also of the five tests to the 
tone alone. As a consequence of this 
confounding, it is difficult to predict 
what the effect of the original differences 
in time interval may have upon response 
magnitude in this situation. 

Regardless of the validity of the above 
interpretation, this experiment, along 
with the article by Grings (1960), adds 
a note of warning for research workers 
in the field of GSR conditioning. It 
gives evidence that when procedural 
changes are introduced—as occurs when 
one goes from training to extinction— 
responses are evoked by thechangesinthe 
procedure itself, and the effect of this 
procedural shift persists for at least sev- 
eral trials. It is very likely that this effect 
could mask that of some other variable 
for at least the first few trials under the 
new condition. Quite possibly the flat 
gradient of stimulus generalization which 
is typically found on the first test trial in 
GSR conditioning (Hovland, 1937; 
Wickens, Schroder, & Snide, 1954) could 
be so interpreted. 
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A REPLICATION OF OVERLEARNING AND REVERSAL IN A T MAZE! 


WINFRED Е. HILL лхо NORMAN E. SPEAR 


Northwestern University 


Rats were trained to criterion in a T maze and then given reversal 
training either with or without 140 trials of overtraining (16 Ss per 


group). 
reach the reversal criterion. 


Hill, Spear, and Clayton (1962) recently 
reported three failures to find facilitation of 
T maze reversal by overlearning. Because 
they used a fixed number of trials instead of a 
Criterion both for acquisition and for reversal, 
and because the control Ss received extra 
handling to match that of the overtrained Ss, 
these experiments were not entirely com- 
Parable to earlier ones in which overtraining 
has facilitated reversal. The present experi- 
Ment was designed to see whether, when these 
differences from other studies were eliminated, 
n overlearning-reversal effect would appear. 

n particular, an attempt was made to match 
Pubols' (1956) procedure in his Exp. 2 as 
Closely as possible, since his study also used 
а spatial discrimination. 

Method.—The Ss were 32 experimentally 
Naive female albino rats, 74-81 days old at 
the beginning of training. They were divided 
randomly into two groups of 16, correspond- 
ing to Groups N and Fr in Exp. 2 of the 
Previous study (Hill et al, 1962). The 
&аррагаїиз and procedure were the same a 
or those groups in the previous experiment, 
With the following exceptions. (a) All Ss 
received 20 trials a day, throughout all stages 
e training. For recording purposes, each day 
pias regarded as consisting of two blocks of 

D trials, If S reached criterion on the first 
block of a day, the second block was omitted. 
Original acquisition was carried to a 
Criterion of 18 correct in 2 successive blocks 
Of 10 trials, with 9 of the last 10 correct 
his meant that the number of trials to 
Criterion had to be a multiple of 10, the 
Purpose being to make this study comparable 
to Pubols’ (1956) Exp. 2. (о Group N 
received only the same б days of prehandling 
as Group Fr. (d) Group Fr received 140 
trials of overtraining. (6) A food cup (with 


l his research was supported by Grant G-8706 
rom the National Science Foundation. 


The overtrained group required significantly more trials to 


or without food) was present in both end 
boxes on all trials. (f) Reversal training was 
carried to the same criterion as in acquisition. 

Results.—The mean number of trials to 
the beginning of the acquisition criterion was 
15.00 for Group N and 18.75 for Group Fr. 
These values were not significantly different 
(t of 1.10). 

In reversal, Group N required a mean of 
13.75 precriterial trials, while Group Fr 
required 23.12. This difference was significant 
at the .01 level (¢ of 3.16). 

The mean total speed (based on time from 
the starting treadle to one of the two arm 
treadles) on the first five trials of reversal was 
greater for Group Fr than for Group N. The 
difference fell well short of significance, how- 
ever, with a / of 1.21. 

Discussion.—These results confirm the 
previous finding, significant in two of the 
three experiments, that T maze reversal is 
slower following overlearning. Thus the 
previous results of Hill, Spear, and Clayton 
cannot be explained by their use of a fixed 
number of trials in acquisition and reversal 
or by the extra handling of their control 
animals. 

The trend toward faster running by the 
overtrained Ss at the beginning of reversal 
is the same as that found in all three experi- 
ments of the previous study. However, in 
only one of these four cases was the difference 
statistically significant. 
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EFFECT OF TRANSITIONS FROM NONREI 
TRIALS UNDER SPACED-TRI 


NFORCED TO REINFORCED 
AL CONDITIONS 


E. J. CAPALDI лхо PATRICIA WARGO 


University of Texas 


partial reinforcement, the intertrial interval bei in. i 


and extinction. 


A previous experiment (Capaldi 
1962) demonstrated that when two 
of partial reinforcement involved t 
small number of 
of reinforcements 
pattern which involved the greater number of 
nonreinforced to reinforced 
reater resistance 
interval was 15 


& Hart, 
Patterns 
he same 

number 


ployed 
tit was 
higher, 


terion, i.e., each S was given 
trials; a consistent group was not 
and, of course, the intertri, 
longer here, it never being les; 
either in acquisition or ex 
SA (N = 11) was given 3 d. 
training according to a gi 
pattern of reinforcement, 9 trials per day, the 
initial daily trial being reinforced, Group R 
was rewarded according to the same schedule 
employed by Capaldi and Hart (1962). 
Thus, for Group R there was only a single 
daily transition from a nonreinforced to a 
reinforced trial. 

Results and discussion. —The performance 
of the groups on each day ol acquisition and 
extinction is shown in Fig. 1. Group SA ran 


slightly but 
Group R on 
result consistent 


SA was considerably more 


Group R. Since these results are consistent 


-Sheffield hypothesis, it was 


s assuming that aftereffects remain 


1 ап 
not significantly faster. th E 
Days 2 and 3 of зошто а 
with that obtained by 


Capaldi and Hart (1962), for Day 2, F(1, 20) 


= 1.24 
times as the score, 


i for Day 3, F(1,20) = 1.72, using log 


On each day of extinction 


SA. a result 
Group R ran slower than Group SA, a nee 
which is also consistent with that obtai 


under massed-trial conditions. 
n extinction were summed 


The log times 
and the resulting 


analysis yielded an F(1,20) = 12.95 which 
is significant well beyond the .01 level. 


can 
i in, à 
remain functional for at least 20 min., 


period 
15 
Af tereffects 


[n 


- sults 
t is considered that the present resu 


ots 
be taken to indicate that aftereffects 


4 limit 
e modest upper 
Suggested by Sheffield Lone 
аге not observable as such; 


Which exceeds th 
min. 


therefore, апу Specification of their properties, 


temporal ог 
to b 


n > zi ave 
a otherwise, will necessarily dane 
€ inferential, Accordingly, it can 


argued that if a Prediction entailed by Hull's 
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MEAN LOG TIME 
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Mean log times of each of the groups 
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KINESTHETIC AFTEREFFECT AND MODE OF EXPOSURE 
TO THE INSPECTION STIMULUS! 


EST WEILER 


PAUL BAKAN asp ERNE 


Michigan State University 


aftereffect were taken on 3 groups of 48 Ss, 
differing in type of exposure to an inspection stimulus. Largest after- 
effects were found for the group experiencing passive movement and 
smallest aftereffects were found for the group experiencing no move- 
ment of the inspection stimulus between thumb and index finger. A 
group experiencing active movement showed aftereffects intermediate 
in size between the other 2 groups. Results support a hypothesis of a 


Measures of kinesthetic 


relationship between attention, neura 


Bakan and Thompson (1963) have studied 
the effect of two modes of exposure to the 
Inspection stimulus (I stimulus) on the size 
Of the kinesthetic aftereffect. These are а 
Move condition where S moves a hand back 
and forth along the 1 stimulus, and a Hold 
Condition where 5 merely holds the 1 stimulus. 

n the basis of an extension of satiation 
theory which postulates @ relationship be- 
tween degree of attention, amount of satia- 
ion, and size of aftereftect (Köhler & Adams, 
958) it was predicted that the Move condi- 
tion would produce a larger aftereffect because 
e movement would enhance attention 
directed to the | stimulus. The difference 
"etween the Move and Hold condition, while 
not statistically significant, was in the ex- 
Pected direction. 

In retrospect, it appears the 
Ment did not represent a fair 


it this experi- 
test of the 
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he authors wish to thank Joseph Levine for 


üssis ч à f 
Ssistance in planning this experiment. 


l satiation, and aftereffects. 


attention-satiation hypothesis. The Move 
condition involved the use of major arm 
muscles which by contributing to the total 
afferent kinesthetic stimulation may have 
served to attenuate the effect of the relevant 
kinesthetic stimulation from muscles in the 
hand. These large arm movements were 
absent in the Hold condition. The present 
experiment was designed to control for this 
extraneous variable by the introduction of a 
Passive Move condition in which the | 
stimulus is moved back and forth between S's 
thumb and finger while the arm is kept 
stationary. 

Method.—There were 48 undergraduate Ss 
in each of three groups, Active Move (AM), 
Passive Move (PM), and Hold (H). The 
apparatus consisted of three wooden blocks; 
(a) a standard block 1.5 in. wide, 5 ft. long, 
and 2 in. thick, (b) a variable-width tapered 
block 60 in. long and 2 in. thick ranging in 
width from 1 in. to 255; in. and changing at 
the rate of s in. per inch, and (c) an I 
stimulus 0.5 in. wide, 2 ft. long, and 2 in. 
thick which could remain stationary while S 
held it, or while he moved the hand along it, 
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or could be moved back and forth between 
the thumb and forefinger by E. 

The blocks were mounted on two tables 
34 in. high and parallel to each other. The 
standard and I block were at 5 5 left and the 
variable at his right. The variable block was 
fitted with an H shaped rider within which = 
placed his thumb and forefinger while making 
equality matches. 

The S, while blindfolded held the standard 
between the thumb and forefinger of the left 
hand, while with the right hand he found a 
point on the variable block which felt equal 
in width to the standard. A series of four 
Practice judgments was followed by four pre- 
inspection judgments, The four judgments 
were in an ABBA order from points 1.25 in. 
and 1.75 in. in width. The mean of four 
judgments constituted the point of subjective 
equality (PSE) used in analysis. 

The inspection period (I period) followed 
determination of the preinspection PSE and 
was followed by four judgments whose mean 
constituted a Postinspection PSE, The 
difference between the pre- and Postinspection 


and index 
M group held the 


and index finger 
hand back 


between thumb and index finger with hand 
stationary while E moved the I stimulus back 
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and forth over approximately 90 excursions | 
of about 18 in. tere 
Results and conclusions —The mean after: 
effect for the H, AM, and PM group 
respectively, was .068, 085, апа E 
The between-group variance is significan a 
the .05 level. Further tests show that t 5 
difference between {һе Н and PM сопа 
is significant at the .01 level; the ame 
between the AM and PM conditions. aid 
just short of significance at the .05 level ; E 
the difference between the H and AM con 
tions is not statistically sig ificant. be- 
As in the earlier study the difference h 
tween the H and the AM condition, оци 
іп the direction predicted by the SIM 
satiation hypothesis, was not statistica ia 
significant. The elimination of gross HM a 
movements in the PM condition resulted i 
significantly larger aftereffect than dud 
Produced by the H condition. In view О PM 
rationale for the introduction of the pm 
Condition cited earlier, the comparison e 
tween the H and PM conditions apperti 
constitute a fair test of the attention sanane 
hypothesis. The results support the pos 


ion and 
lated relationship between attention 
satiation. 
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EFFECT OF INSTRUCTIONS AND INFORMATION 
ON PROBLEM SOLVING? 


CARL P. DUNCAN 


Northwestern University 


In solving problems which involved turning switches to produce certain 


patterns among lights, male Ss who were strongly instructed to minimize 


overt responses (switch turns) and to think, made fewer overt responses 


and took, usually, longer ti 
effects of instructions occu 
information (levels o 


well as on a trans 
responses, given to ot! 
Ss solved problems as v 
female Ss was not significa 


As a variable in problem solving, 
Verbal instructions to S have often 
een shown to influence performance 
On simple set problems such as 
anagrams or water jars (Duncan, 
1959). But with more complex, par- 
ticularly insight-type problems, 17- 
Structions or lectures have had little 
Or no effect. Maier (1933) reported 
that a higher percentage of Ss who 
had been given a lecture on problem 
Solving solved three insight problems 
than a nonlectured control group. 
However, the lectured group was 
actually better on only one of the 
three problems, and it was reported 


l'This study was supported by Grant 
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layton, Peter Delaney, 
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well as uninstructed male Ss, but performance of 
ntly affected by any of the instructions. 


that not all of the control Ss had time 
to work on two of the problems. 
In two attemps to replicate, in part, 
Maier's study, using several different 
kinds of instructions or a short lecture, 
there was no difference between in- 
structed and uninstructed groups in 
solving the two-string problem with 
pendulum solution (Duncan, 1961). 

When 5 is attempting to solve an 
insight problem, there may be little 
or no overt behavior that can be 
detected, particularly if the problem 
is presented in written form. Since 
S's responses to such problems are 
almost entirely implicit (thinking), 
it is difficult to determine if instruc- 
tions influenced S in any manner. 
In the present study a different kind 
of fairly complex problem is used, 
one in which S must make some overt 
responses in order to discover the 
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solution. Problems of this kind, in 
which the solution consists of some 
combination or pattern among but- 
tons to be pushed, switches to be 
turned, etc., not only demand acertain 
amount of overt responding by S, but 
also often permit some aspects of the 
problem to be discovered by thinking, 
e.g., inferring hidden connections be- 
tween lights and switches (French & 
Thomas, 1958; John, 1957). 


In the present Study, the basic 
comparison is between uninstructed 
Ss who are allowed to solve a problem 
in their own Way, using whatever 
combination of overt and implicit 
activity they choose, and Ss who are 
instructed to minimize overt be- 
havior and to try to arrive at a solu- 
tion as much as Possible by thinking, 

he interest is in determining what 
effects nonspecific instructions to 
think have on S's problem Solving 
behavior, Two experiments are re- 
ported, differing Primarily in the 
extent to which S is given information 
about the problem to be Solved, 


ExPERIMENT I 
Method. 


Apparatus —T as а copy 
of one designed and used by E, G, French 
(French, 


1-7, 
and switches, Th 
light is controlled 
and each switch controls more than 
In addition, turning a switch either 
always reverses the state, from on 
off to on, of any light to which th: 
is connected. Since any 
from 0 to 7 may be either on 
or 128, possible patterns 
which is produced by one, and only one, of the 
128 possible combinations of Switches on or 
off. The particular switches that must be 
turned on or off to produce а particular 
pattern of lights may be turned in any order, 
In the present study a problem is defined 


the Space between lights 
e wiring is such that each 


€ Switch, 
one light, 
Оп or off 
to off or 
at switch 
number of lights 
or off, there are 21 
of lights, each of 


CARL P. DUNCAN 


аз a certain pattern of lights, specified ver: 
bally by E fe S, which S must mode 
turning switches. Two problems ere 2 on 
Problem 1 for all Ss was to get Light hich 
all other lights off, the solution to M ches 
required turning on six of the seven swi СҮЙ 
(No. 1, 2, 3, 4, 5, and 7). Problem 7 T the 
Ss was to get all lights on except Light When 
solution was Switches 2, 5, and б on: re off. 
S begins to solve a problem, all lights ai ы 
Solution of a problem is achieved by ы hts 
Switches on or off until the pattern of ПЕ 
Specified by E appears, 

; The Primi jtm were total poss r 
switch turns (responses), and total ee 
Solve a problem. Each turn of a Sinter 
either on or off, was counted by a d ofS; 
sitting beside the apparatus in plain sig! i time 
The E used a stop clock to measure tom his 
from the moment when E comple а 
instructions to $ until $ solved the pro from 

Subjects.—The Ss were 264 sad E 
introductory psychology courses, 44 m The 

4 women їп each of the i EU) 

5 Were assigned to groups in бшп. s 

tine Th were three epo 
in Exp. I with an independent group were 
for each condition. The conditions T 
differentiated only by the kind of insu (un- 
given prior to Problem 1. In Group t to à 
instructed) the instructions were ET d sat 
minimum; after an S in this group: ae 
down at the table on which the apparatus 
placed, E said: 


of 
You see that this apparatus has à m. 
lights and a Set of switches. Here is w turn 
want you to do, Using these pen a 
on Light 2 only, that is, Light 2 turn 
other lights off.’ One more thing. do not 
each switch on or off individually; Made 
turn severa] Switches on or off S sud 
ously, Course, you can have as you 
Switches on or off at any one time as 
like. Use only one hand. 


rst 
For Group 2 (mild instructions), the f e 
three Sentences of the instructions were Ў 
ТүН ав those given. above for Ee 
Then E also said, “This counter E PUR 
to it) Counts every turn of a switch eithe a 
9r off. The more it counts, the worse of 
Score is. One more thing . . ." (the res п 
the instructions were the same as for ww. 
For Group 3 (strong instructions), the the 
three sentences of the instructions were 


Z con- 
Same as for Groups 1 and 2. Then Е C 
tinued; 


Now before 


. + out 
you start, let me point O5, 
Something 4 


n 
bout this problem. You c2 
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solve the problem without pushing some 
Switches, but you can solve the problem by 
Pushing very few switches if you do some 
thinking. Don't just start flipping switches 
on and off to see what happens; a monkey 
can do that (slight pause). Now, this 
counter counts every turn of a switch either 
On or off; the more it counts, the worse your 
Score is (slight pause). One more thing. 
Turn each switch on or off individually ; 
do not turn several switches on or off 
Simultaneously. Of course, you can have 
as many switches on or off at any one time 
as you like. Use only one hand. O.K., go 
ahead, and remember to think. If you use 
your head you can solve the problem of 
getting only Light 2 on by turning very few 
Switches, 


After an 5 in any group had solved 
Toblem 1, E recorded total switch turns and 
total time, reset the clock to zero, and turned 
Off all switches (taking less than 10 sec.). 
hen S was started on Problem 2 by E's 
Saying, “O.K., now get all lights on except 
Light 2, that is, Light 2 is to be off, all other 
Six lights оп. Go ahead." These were the 
Ошу instructions given to any 5 immediately 
Prior to Problem 2. | 
Any S who had not solved Problem 1 in 
2 ) min., ог both problems in 30 тіп., was 
rejected and replaced by another S. One 
Tale and 1 female S in Group 1, 1 male E 
in Group 2, and 10 male and 7 female Ss in 
TOup 3 were rejected for failure to meet 
pue criteria. Thirteen of the 17 Ss oes 
! Group 3 were apparently too severely in- 
ibited by the instructions; they made too 
*W overt responses. These 13 Ss averaged 
ess than one switch turn per 10 sec.; Very 
ew Ss with this slow a rate of overt response 
Managed to solve even Problem 1. It is 
Possible that the slower 5s eliminated from 
Toup 3 were merely poor problem solvers. 
Ut it also is possible that if these Ss had been 
allowed to continue to work on the problem, 
eir scores for number of switch turns woul 
ave been among the lowest, since, аз will z 
Seen, the instructions given Group 3 tende 
both to increase solution time and decrease 
umber of switch turns (thus slowing rate 0 


Tésponse), 


Results 

p portion of 
onses (switch 
nd women 
An- 


Problem 1—The to 
able 1 shows mean resp 
turns) to solution for men а 
Separately in the three groups. 
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TABLE 1 


MEANS FOR NUMBER OF RESPONSES AND 
FOR TIME ON PROBLEM 1 IN Exp. I 


Number of Responses 
Group Men Women 
Mean от Меап ст 
1 143.57 | 18.36 | 142.32 | 15.80 
2 134.91 | 21.05 | 134.93 | 20.83 
3 80.07 9.91 95.34 | 10.87 
Time in Sec. 
1 229.73 | 32.10 258.93 28.66 
2 246.50 | 29.13 274.86 38.27 
3 365.89 | 44.39 347.00 40.19 


alysis of variance of mean responses 
for men yielded F (2, 129) — 4.05, 
р < .02. (Because of positive skew- 
ness, the scores were also analyzed 
after conversion to logarithms; for log 
scores, F = 4.33.) By t test, Groups 
1 and 2 did not differ (t < 1); Group 
3 differed significantly both from 
Group 1 (t = 2.63) and from Group 
2 12.27). Thus, іп comparison 
to the uninstructed Ss (Group 1), 
the mild instructions given Group 2 
were ineffective, but the strong in- 
instructions given Group 3 signifi- 
cantly reduced number of overt re- 
sponses to solution. 

Mean responses for women showed 
the same trend among groups as the 
means for men, but the differences 
among women's means were not 
significant (F for raw scores was 2.39, 
for log scores, 1.28). Table 1 shows 
that in Groups 1 and 2, men and 
women were not different, a fairly 
rare finding in problem solving. In 
Group 3, instructions affected women 
in the same direction as men, but 
not significantly so. 

The bottom portion of Table 1 
shows mean time in seconds to solu- 
tion. It can be seen that the trend 
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an times is in the opposite 
Чуен as that for mean responses. 
Analysis of men's means for time 
2, 129) = 430, р < .02. 
gave F (2, 
(F for log sec. was 3.56, p < .05). 
By t test, Groups 1 and 2 did not 
differ (¢ < 1); Group 3 was signifi- 
cantly slower than either Group 1 
(t = 2.69) or Group 2 (t= 2.36). 
Analysis of women's means gave 
F — 1.69, not significant. Thus, al- 
though in the opposite direction, the 
results for time scores are essentially 
the same as for responses ; instructions 
significantly influenced performance 
in Group 3 men, but not in women. 
Problem 2 —Table 2 Shows means 
Íor responses and for time for all 
groups on Problem 2. Among men, 
the rank order of $roup means, for 
both measures, is the same аз on 
Problem 1, but the means for women 
are irregular, Analysis of mean re- 
sponses for mén gave F (2, 129) =3.43, 
Ф < .05. Again Groups 1 and 2 did 
not differ, but Group 3 mad 
nificantly fewer responses than 
1 (t = 2.49), and ne: 
parison to Group 2 
alysis of mean 
yielded F = 1,7 


е sig- 
Group 
arly so in com- 
(t= 


» Not significant, 


TABLE 2 


MEANS ron NUMBER or R 


ESPONSES AND 
FOR TIME ON PROBLEM 


2 IN Exp, І 
Number of Responses 
Group Men Women 
Mean om Mean Om 
1 91.55 | 13.34 74.09 11.98 
2 83.20 | 10.77 87.82 17.98 
3 52.86 8.31 74.27 12.21 
Time in Sec, 
1 144.84 | 24.74 128.00 | 23.12 
2 151.25 | 2024 185.05 | 3841 
3 197.98 | 35.23 234.82 | 39.01 
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The means for time do not differ; 
F — 1.11 for men, 2.43 for women. 

Thus, without further instructions 
to think, Group 3 men pepe bi 
perform on Problem 2 as they ha оп 
Problem 1, solving the problem bs 
fewer overt responses than eit ix 
of the other two groups. And е: 
Problem 2, Group 3 men still ы 
longer, though not significantly longer, 
to solve. 


EXPERIMENT II 


in Exp. I, Ss had been given по 
information about the problem, à nd 
the connections between lights a 
Switches. The purpose of Exp. uld 
Was to determine if instructions Ww 
influence performance when Ss 


А А blem 
тоге information about the pro 
device, 


Method 


in 
Apparatus—This was the гае f white 
xp. I except that a horizontal strip thè ap- 
cardboard (cue card) was fixed to the row 
paratus between the row of lights and mbers 
of switches. (The strip carrying the Narrows 
1-7 was Placed above the lights.) h switc 
drawn on the cue card ran from кыс was 
to each of the lights to which that swi 
connected, ed. 
Conditions —A 2X2 design was ta ' 
TOUDS Were either uninstructed or OR or 
and were given either "some" informa aoe 
"complete" information about the muUo 
of the problem apparatus. _ Unina nstruc- 
groups were given the same minimal struct 
tions as was Group 1 in Exp. L Тавын in- 
groups were given the same ‘‘strong 
structions as was Group 3 in Exp. I. facing 
As in Exp. I, after S had sat down thi 
the apparatus, E first said, “You Um d 
apparatus has a set of lights and a "Some 
switches,” en for groups given 
nformation, E continued: 


are connected to what lights. 

Cading from a switch to a light means 
that switch is connected to that light. 
can see that each switch is connecte 
more than one light. 


that 
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The E then concluded with instructions ap- 
Propriate for either Uninstructed or In- 
Structed conditions (as in Exp. I). 

For groups given Complete Information, 
the initial portion of the instructions was the 
same as that given above for Some Informa- 
tion. Then E continued: 


Now I am going to tell you what these 
connections mean; listen carefully and 
remember. Ifa light is off, turning a switch 
that is connected to that light will always 
turn the light on. If a light is already on, 
turning a switch that is connected to it will 
always turn the light of. Do you under- 
Stand? Turning a switch either up or down 
always reverses the state, from on to off, 
or off to on, of all lights that are connected 
to that switch. Is that clear? 

At this point E tried to make sure S under- 

Stood. The E then concluded with the in- 

Structions appropriate for either Uninstructed 


Ог Instructed conditions. 

Other details of procedure were the same 
asin Exp. I. After Ss had solved Problem 1, 
they were given Problem 2 without further 
instructions, The cue card remained on the 
apparatus for both problems. 

_ Subjects —The Ss were male students from 
Introductory psychology courses, assigned in 
turn to the four groups: Group US (un- 
instructed-some information), IS (instructed- 
Some information), UC (uninstructed-com- 
Plete information), and IC (instructed-com- 
Plete information). There were 23 Ss in each 


ОЁ the four groups. 


Results 


Problem 1.—The top half of Table 

shows mean responses to solution 
for the four groups. A 2 X 2 analysis 
Of variance of these means yielded 
F (1, 88) = 11.12, p < .0025, for the 
Instruction variable, Ё (1, 88) = 16.44, 
Ê < .001 for the Information variable. 

he interaction was not significant, 
F (1, взу = 1.07. (Analysis of log 
Scores gave F = 13.96 for Instruction, 
18.96 for Information, <1 for the 
Interaction.) The overall mean for 

e two uninstructed groups com- 
bined (у = 46) was 46.98; for in- 
Structed groups combined, the mean 
Was 22.78. For some information, 
the overall mean was 49.59; for com- 
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TABLE 3 


MEANS FOR NUMBER OF RESPONSES AND FOR 
Tie on BorH PROBLEMS IN Exp. II 


No. of Responses Time in Sec. 
Group 
Mean om Mean om 
Problem 1 
US 65.43 | 11.94 | 246.17 | 33.64 
IS 33.74 7.19 | 328.78 | 43.40 
UC 28.52 6.08 | 175.17 | 34.68 
IC 11.83 2.52 | 218.09 | 34.84 
Problem 2 
US 27.09 6.54 | 107.96 | 38.04 
IS 19.17 5.65 | 151.52 | 38.13 
UC 26.48 5.71 | 88.87 | 5.34 
IC 10.56 2.34 | 135.78 | 36.57 
Thus, as 


plete information, 20.17. 
compared to Exp. I (Table 1), where 
Ss were given no information, overt 
responses to solution were fewer when 
Ss were given some information, and 
considerably fewer when they were 
given complete information, about 
the problem device. Within each of 
these degrees of information, instruc- 
tions to think materially reduced the 
number of overt responses to solution. 

Mean time to solution, also shown 
in Table 3, again indicates some 
tendency for longer times to be asso- 
ciated with conditions in which Ss 
were instructed to think. However, 
analysis of the means revealed that F 
for the Instruction variable was 2.90, 
not significant. For the Information 
variable, F (1, 88) = 6.08, p < 02. 
The interaction term gave F< 1. 
Overall means (in seconds) were 
210.67 for uninstructed, 273.43 for 
instructed groups, and 287.48 for 
some information, 196.63 for com- 
plete information groups. Thus, 
those Ss given some information took 
longer to solve, probably because 
they made a greater number of overt 
responses than Ss given complete 
information. Instructed Ss had (nu- 
merically) longer times, along with 


326 
fewer overt responses, than unin- 
structed Ss. 

Problem 2.—Mean responses are 
shown in the bottom half of Table 3. 
Analysis indicated that the Instruc- 
tion variable continued to be effec- 
tive, F (1, 88) = 5.03, p < .03, but 
the Information variable was not 
(F <1). The interaction term also 
gave F«1. Overall means were 
26.78 for uninstructed, 14,87 for 
instructed groups, and 23.13 for some 
information, 18.52 for complete infor- 
mation groups. 

The means for time, also given in 
Table 3, show much the same pattern 
as for Problem 1, ie., longer times 
for instruction, and for some informa- 
tion conditions. However, there were 
no significant differences among time 
Scores, F = 1.81 for instruction, <1 


both for information and for the 
interaction, 


Discussion 


instruction did not a 
particularly success! 
more complex tha 
(Duncan, 1959, 196 
the present study the results of both 
experiments indicate that with "strong" 
instructions, with male Ss, and with the 
kind of problem used, Problem solving 
behavior was modified in significant 
ways. Specifically, the male Ss who 
were strongly instructed to minimize 
overt responses and to think, arrived at 
solution with significantly fewer overt 
responses while taking (usually) longer 
times to solve. It was also shown that 
these two effects of the instructions 
carried over to a second problem. 

It may be of interest to e 
quantitative extent to which strong 
instructions influenced the two measures, 
responses and time, at each of the three 


xamine the 
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T 
degrees of information; ie. the “no 
information” of Exp. I, and the i 
and complete information conditions 9 
Ехр. П. If one compares, оп Problem 1 
Group 1 with Group 3 men in Pop 
(Table 1), and uninstructed with лы 
Structed groups under both infami 
conditions of Exp. II (Table 3), p 
following trends appear. Both for E: 
Sponses and for time, the absolute di à 
Íerence between uninstructed and ME 
Structed means decreases as one goe 
from no to some to complete information. 
But since different amounts of inou 
tion produced sharp changes in the e 
of difficulty of the problem, the we b 
differences (percentages computec x 
taking the absolute difference betw e 
instructed and uninstructed means ee 
dividing by the uninstructed puc 
Seem more appropriate. For this a fon 
ure, the trends for responses an Thé 
time are in opposite, directions. bu 
Percentage decrease in mean red b, 
Produced by instructions was P 
48.4%, and 58.5% for no, San ы 
complete information, respectively. E 
there was some increase in the relati h 
effect of instructions on responses, шога 
it was not great (and in Exp. II it Mo 
Shown that the interaction between ! d 
Struction and information was not и 
пїйсапї). For time, the ретсел ати 
increase in mean attributable to wr: 7 
tions was 59.3%, 33.5%, and 2 eae 
or the same three degrees of informati n 
О there was a fairly sharp decrease d 
the effect of instructions on time scor 
as a function of information. 


he 
ince instructions (hereafter, э 
“strong” instructions given Group 
Exp. I 


Z I 
and instructed groups in Exp. 1 
reduced th 


in men, p 
Sonable to 


е number of overt respon 
rior to solution, it seems e 
infer that the instructed dio? 
did attempt to carry out some e 
of their Problem solving by whate be 
implicit activity they considered to x 
thinking, ut since these Ss took ол 

to arrive at solution, it might be Bi 
that their thinking, or more specifiche 
their combination of overt and P de 
activity, was inefficient because it Чп 
too time Consuming. Although taki 
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time to think might have disadvantages 
in some cases, usually it is only the 
possible advantages that are mentioned. 
Dollard and Miller (1950) list “training 
to stop and think" (p. 118) as part of 
Social training of the higher mental 
Processes. Their argument is that if one 
makes an immediate instrumental re- 
sponse to a problem, there may not be 
enough time for appropriate cue-pro- 
ucing responses to occur. Highland, 
Newman, and Waller (1956), in describ- 
ing differences between successful and 
ess successful mechanics in trouble- 
Shooting, suggested that a mechanic 
Should not be too hasty in starting to 
Make checks (overt responses) with his 
test instruments, that skill in locating 
malfunctions would be improved if 
Mechanics were taught to exercise re- 
Straint in making checks, especially at 
the beginning of the problem. Their 
escription of the more successful trouble- 
Shooters strongly suggests that this 
group takes time to think about the 
Overt responses they do make. Р 

In a study of pattern conception, 
Shipstone (1960) instructed Ss in some 
Conditions to slow down, in other condi- 
tions to slow down and to use logical 
Procedures while categorizing. For some 
Classes of stimuli, these instructions 
improved performance, largely, it was 
concluded, because the instructions 
Slowed Ss down and made them “stop, 
look, and think more carefully" (p. 24). 
1,80, longer time scores were согге- 
ated with more successful categorizing 
Strategies, 


hus, some problems, such as those 


цей in the present study, those used by 
lpstone, and some others (Duncan, 
1959). apparently can be solved either 
by largely overt trial and error behavior, 
xd through partly overt and partly 
implicit behavior. (This is in contrast 
to the typical insight problem which, 
Particularly when in pencil and paper 
à 1у almost entirely 


Orm, f, 
П, forces 5 to re l 
On implicit activity.) With such prob- 
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lems, instructions, and perhaps other 
variables, can produce variation in the 
degree to which S relies on overt re- 
sponse, and so, presumably, in the degree 
to which he engages in some kind of 
implicit activity, or thinking. Аз the 
ratio of overt to implicit activity de- 
creases, there may be an increase in time 
spent on the problem. These considera- 
tions suggest that for a particular prob- 
lem, the optimum ratio of overt to 
implicit activity for one criterion, e.g., 
learning how to categorize, may not be 
the optimum ratio for some other cri- 
terion, such as solution of the problem. 
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SELECTIVE ATTENTION AND CODING IN 
VISUAL PERCEPTION 1 


CHARLES S. HARRIS 


Harvard University 


The form of S's silent verbal enco 
manipulated. Order of encodin 


attend to reported this attribute more ac 


tributes, 
report. 


Attending to a single property of an 
object allegedly results in clearer and 
more vivid perception of that property 
(Bruner, 1957 ; Chapman, 1932 ; Hum- 
phrey, 1951; Külpe, 1904). Percep- 


inci ' properties is sup- 
posedly inhibited or "gated out,” 


aspects may be due gj 
getting, rather than t 
ception (Rubin, 1913). 

Lawrenceand LaBerge ( 1956) found 
that the difference in accuracy be. 
tween first and later reports (when $ 
was told to pay equal attention to all 
attributes of the stimulus) was about 
the same as that between “crucial” 
and incidental aspects when § was 
instructed to attend selectively, They 


1 This research was supported in part by а 
grant (MHO 3244) from the United States 
Public Health Service to the second author, 
and was conducted during the senior author's 
tenure as a National Science Foundation 
Graduate Fellow. We wish to thank Jeremy 
Nahum, Donald Richard, and J. Michael Ross 
for their help in gathering data. 


AND 


RALPH NORMAN HABER 


Yale University 


t on Ss who encoded the stimulus 


The Ss whose coding strategy 
5 attribute they were told to 
curately than incidental at- 
t a by-product of order of 
оп a better visual trace and 


term memory. 


concluded that such instructions m 
not affect initial perception, but po 
the order in which S reports t^? 
attributes, d 
However, Wilcocks (1925) asser x 
that when Ss were told, immediate y 
after the stimulus was flashed, wai 
one of three attributes to report, mo 
reported incidental attributes Hs 
accurately than attributes they а 
tended to, Although only some 2: 
Wilcocks’ supporting data show ee 
tistically reliable differences, the pos 
sibility remains that attention does 
affect initia] perception. 2b 
In an unpublished pilot study’ sf 
the present investigators, only 2 sa 
of 77 Ss relied on a visual image wher 
reporting a briefly presented stimulus. 
he remaining 75 encoded the gemi 
lus into verbal form and ^ | 
rehearsed the verbal encoding unt! 


* Individual Ss means, statistical analyse 
and data on Free order of report, as ot 
as further discussion, information on р, 
Studies, апа Statistical tests of Wilcocks Ee 

ae Peen deposited with the Ameri nt 

Ocumentation Institute. Order Dosim 
No. 7451 from ADI Auxiliary Publication 

oject, Photoduplication Service, Libras og 
1 PETeSS; Washington 25, D. C, remit for 
in advance $1.75 for microfilm or 3290. ief, 
Photocopies, Make checks payable to: Ch s 
Photoduplication Service, Library of Congre 
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SELECTIVE ATTENTION AND CODING 


the time came to report it. In- 
adequate encoding of incidental as- 
pects of the stimulus might account 
for the difficulty in reporting them. 

Miller (1956) has stressed the role 
of coding in memory, and other in- 
vestigators have found that coding 
affects some measures of visual per- 
ception. For instance, the labels at- 
tached to a stimulus may influence 
drawings of it (Carmichael, Hogan, 
& Walter, 1932; Herman, Lawless, 
& Marshall, 1957; Kuhlman, 1906; 
Moore, 1910). Recently, Sperling 
(1963) has included verbal encoding 
in his model for visual memory tasks. 
He notes that many errors in identify- 
ing briefly exposed letters seem to be 
auditory rather than visual confu- 
sions—e.g., confusions between D and 
T rather than between E and 
(Sperling, 1960, p. 21). | 

'Thus, the effect of instructions to 
attend selectively has been attributed 
to an effect on perception, order of 
report, or coding. Їп order to deter- 
mine the cause of the selective effect, 
the present investigators manipulated 
the form of S's code, order of report, 
and instructions about attention. 


METHOD 
Subjects 
Forty-eight unpaid Yale University under- 
Eraduates served, 1 to 4 at a time, аз Ss. 


Stimuli 

Each stimulus, like those used by Lawrence 
and LaBerge (1956), consisted of a pair of 
Cards from the Wisconsin Card Sorting Test 
(available from Kilgore Printing Company, 

adison, Wisconsin). The cards differ in the 
Number of figures portrayed (one, two, three, 
9r four), their shapes (stars, circles, crosses, 
9r triangles), and their colors (red, blue, green, 
Or yellow). Eighty, pairs of cards were 
Selected randomly, with the restriction that 
the two cards differ on each attribute. 


Codes 


Before the experimental 
fach $ was told to use one o 


session began, 
f the two basic 
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types of code that Ss in the pilot study used 
spontaneously: Objects code, which describes 
the stimulus as two sets of objects (eg., 
“two red circles, four blue stars"), or Dimen- 
sions code, which describes the three dimen- 
sions of the stimulus (e.g., "red, blue; two, 
four; star, circle"). 

To encourage Objects coding, a single card 
(half of the usual stimulus) was exposed for 
zs sec., S wrote down what he had seen, and 
E gave the correct answer in Objects code. 
This was repeated with 11 more single cards. 
Then E said: "We have found that you will 
do best if, as soon as the flash comes, you 
repeat to yourself what you saw, .. . for 
example, two blue triangles, three green 
circles." The S then practiced on six two- 
card stimuli. 

To encourage Dimensions coding, 12 pairs 
of cards were exposed, but S was told to 
write down only one dimension—e.g., colors— 
of each stimulus. The E gave the correct 
answer—e.g., “blue, green’’—for only that di- 
mension. Then E made the same statement 


as above, changing the ending to: MEE ID 
example, two-three, blue-green, triangle- 
circle." Six more pairs of cards were pre- 


sented, with S writing down all three di- 
mensions. 

At the end of the experimental session, S 
answered an extensive questionnaire about 
his coding strategy. Two judges (who did not 
know which Ss had been trained to use 
Dimensions code and which to use Objects 
code) examined the answers to determine 
which of four codes each S had actually used: 
Objects code or Dimensions code, as defined 
above; Modified Objects code, which is an 
Objects code changed in various ways to 
stress the crucial dimension (e.g., “red, blue; 
two red circles, four blue stars" or "two red 
circles, four blue stars; red, blue"); or In- 
complete Dimensions code, which is a Dimen- 
sions code that encodes only part of the 
stimulus (e.g., “red, blue; two, fours «X 

The six disagreements between the judges 
were resolved by jointly re-examining the 
answers to the questionnaire (in five instances, 
the final decision was that the S did not 
consistently use a single code). 


Instructions about Attention 


Before each stimulus was flashed, S read 
instructions about to what to attend. There 
were three types of instruction: 

Emphasis instruction.—The S was told to 
pay special attention to one of the three as- 
pects of the stimuli (Emphasized dimension), 
since he would receive 30 points for reporting 
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aspect correctly, but only 3 points for 
Sa dw other two aspects (Unemphasized 
dimensions). The S was told that he would 
not be given any money for the points, but 
that “the points are awarded as a convenient 
index of value, and therefore we hope that 
you will feel motivated to try to get as many 


as possible. . . . I will be happy to tell you 
how well you did . . . after we have analyzed 
the results." 


Equal instructions.—The S was told to pay 
equal attention to all three aspects, as he 
would receive 15 points for each one Correctly 
reported. 

One-Only instructions.—The S was told to 
Pay attention to and report only one dimen- 
sion, for which he would receive 30 points if 
Correct He would receive nO points for 
reporting the other two dimensions. 


Presentation of Stimuli 


0 points, 
16 with Equal 
e-Only instruc- 


report varied from 5 to 5 
stimulus. 


Screen measured 40 X 15 in, 
10° X 4° of visual angle). 
fixation point. 


(approximately 
еге Was no 
illuminated 


Order of Report 


Order of report was not known to § until 
after each stimulus was Presented. On half 
of the trials (Forced order of report), S turned 
over the instruction page immediately after 
the stimulus was flashed and found a check 
list for one of the three dimensions, He put 
check marks next to two values of that 
dimension. Then he turned to the next Page, 
checked off the second dimension, and so on. 

On the remainder of the trials (Free order of 
report), S found a page with check lists for all 
three dimensions and could report them in 
any order (except that he had to check both 
values of each dimension before proceeding 
to the next) After recording all three 
dimensions, he numbered them to indicate his 
order of report, 
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RESULTS 


The attempt to manipulate S’s 
coding strategy was quite successful, 
as Table 1 shows. The results re- 
ported below do not include data from 
the 10 Ss who did not consistently 
use a single code and the 5 Ss who 
did not use the code they were 
trained to use. 

Unless otherwise noted, all "e 
ments refer to performance ks 
Forced order of report. In general, 
however, the same statements apply 
to performance with Free order А 
report. Analyses of variance showe 
that freedom of order of report de 
duced neither a significant main d 
Nor significant interactions with а я 
tention instructions, position of stimu 
lus, or order of report. 


Main Finding 


The main finding was that the code 
S used determined whether or not his 
accuracy was affected selectively by 
attention instructions. The intern 
action between codes and instructions 
is significant beyond the .01 level. 

hree of the four coding groups 
made more errors in reporting Un- 
emphasized dimensions than in report- 
ing Emphasized dimensions (Table 2). 
he difference between the meat 
Percentage of errors оп Emphasize 


TABLE 1 


E 
NUMBER or Ss Wao Were TRAINED TO US 
AND Wu Reportep Usine Елсн CODE 


= 


Code That S Was 


ined to Use 
Code That s Reported ла 
Using 


"ir 5 
Objects | Dimensions 
Objects 8 m 
Modified Objects ? J 
Imensions 1^ 1 
ncomplete Dimensions 0 1 
nCOnsistent 5 S 


% Data discarded, 
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TABLE 2 
MEAN PERCENTAGE OF ERRORS WITH FORCED ORDER OF REPORT 


Emphasis Instructions 
Equal Instructions 
Code Emphasized Unemphasized One-Only 
Dimension Dimensions Instructions 
First | Second Third | First | Second Third | First | Second| Third 

Objects 104 | 90) &3| 77| 21|,92| 70) 94 |158 | a 

Imensions 3.5 8.0 | 10.5 | 12.1 15.7 | 15.0 2.8 42 9.0 3.4 

ncomplete 8.3 7.9 | 11.7 | 18.3 22.8 | 35.0 | 12.0 | 21.7 | 23.0 5.9 

Dimensions 
Modified Objects 54 | 114 9.9 | 16.0 | 23.3 18.7 | 14.7 | 15.6 | 18.0 5.8 


Note.—Column entries refer to er 
Each S had 48 opportunities for error on the Emp 


ànd on Unemphasized dimensions is 
Significant beyond the .02 level for 

imensions coders (t = 2.96), beyond 
the .01 level for Incomplete Dimen- 
sions coders (#=4.10), and beyond 
the .02 level for Modified Objects 
Coders (¢ = 2.93). 

The higher rate of error on Un- 
emphasized dimensions was evident 
even on first reports, indicating that 
it is not a by-product of order of 
report. Considering first reports only, 
the difference between rates of errors 
on Emphasized and on Unemphasized 
dimensions is significant beyond the 
01, .02, and .02 levels (¢ = 3.55, 3.54, 
3.08) for the Dimensions, Incomplete 
imensions, and Modified Objects 
Coders, respectively- Hence, the act 
of writing down the first dimension 
Plus the increased temporal delay 
(Lawrence & LaBerge, 1956, p. 17) 
Cannot be responsible for the less 
accurate reporting of Unemphasized 
iImensions. iroa 

How, then, does this relative in- 
accuracy come about? We hypothe- 


size that Ss wanted to give the “more 


Valuable” dimension preferential 
treatment. The questionnaire re- 
Dimensions 


Vealed that 7 of the 9 
Coders, all 7 of the Incomplete Dimen- 


rors made when the specified dimension was reported first, second, or third. 
hasized dimension, 96 on the Unemphasized dimensions, 48 under 


Equal instructions, and 32 under One-Only instructions. 


sions coders, and 3 of the 9 Modified 
Objects coders always encoded the 
Emphasized dimension first (the other 
6 Modified Objects coders did so 
frequently). 

An item encoded first gains a triple 
advantage. (a) It is encoded more 
accurately, from a detailed visual 
image that fades markedly before S 
can encode the remaining aspects 
(Sperling, 1960). (b) It may be better 
retained during rehearsal (studies on 
immediate memory have seldom elimi- 
nated the effects of order of encoding, 
and provide no clear-cut answer about 
which part of a list is retained best; 
see, for example, Deese & Kaufman, 
1957; Kay & Poulton, 1951; Pollack, 
1952). (c) It is conspicuously placed, 
so that it can be reported first, when 
the opportunity arises, and quickly, 
without running through the entire 
encoded list. 

An Objects coder, unlike Ss using 
the other codes, cannot easily give 
special treatment to the Emphasized 
dimension. To do so he would have 
to go against long-standing habits 
based on standard English word order. 
And indeed Objects coders' accuracy 
on Emphasized dimensions was not 
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significantly different from their ac- 
curacy on Unemphasized E= 0.67). 

Since the encoding process is so 
selective, it seems unnecessary to 
postulate that attention has a direct 
effect on perception. 


Subsidiary Findings 


Order of report—The Ss' preferred 
orders of report corresponded to their 
usual orders of encoding. When free to 
report in any order, Dimensions, In- 
complete Dimensions, and Modified Ob. 
jects coders reported the Emphasized 
dimension first over 7095 of the time. 
Objects coders reported numbers first 
over 60% of the time. 

In general, the dimension reported 
first was reported more accurately than 
those reported later. The largest differ- 
ences between first and third reports 


TABLE 3 


ANALYSIS ОЕ VARIANCE oF PERCENTAGE OF 
ERRORS wrrH Forcep ORDER or REPORT 


Source df MS F 

Codes (C) 3 | 2675.73 | 3.63* 
Ss in C^ 29| 737.95 
Instructions (I) 2 |3036.76 13.85*** 
СТ б | 833.93 | 3gp«« 
SsinC X Is 58| 219.24 
Order of report (0) 2 | 1362.34 6.40*** 

хо 6| 195.05 
Ss in C X O^ 58 | 212.80 
Left-right (L) 1 |3465.75 | 17, 77*«« 
CXL 152.34 
Ss in C X Ls 29 | 195.03 
IXO 4 61.38 
CXIXO 12| 133.97 
SsinC XIXO* |116 88.49 
IXL 2| 186.63| 3.97% 
СІІ 6| 57.80 
Ssin C XI X Le 58| 5710 
OXL 2| 147.59 
CXOXL 6| 50.01 
Ssin C XOX Ls 58| 71.83 
IXOXL 4| 81.93 
CXIXOXL 12 88.04 
SsinC XIXO 

X Le 116| 51.44 


Note.—Data obtained with О 
were not included in the analysis, 
» Error term for preceding one or two terms, 


ne-Only instructions 
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occurred in the Incomplete Ras 
coders' reports of Unemphasized and o 
Equal dimensions. These reports lem 
based, in part, on an unencoded visua 
trace, which fades more rapidly than an 
encoded item. Р 

Position of the stimulus.—Average 
across all codes and all eui uie 
except One-Only, the rate of error on t ne 
left half of the stimulus was 10.9%; 
on the right, 16.0%. The greater К 
curacy оп the left side was proba 7 
produced both by order of encoding poe 
by order of report. All Ss encoded we 
left value of each dimension before 
coding the tight value, according Е 
their questionnaires. ese oy f 
observed that all Ss checked off the е 
value first when they reported eac 
dimension, -— 

Speed of encoding.—Whereas 7 o! ding 
16 Ss who used a Dimensions co d 
Strategy were usually unable to RACER 
the entire stimulus (and are there a 
labeled Incomplete Dimensions on 
none of the Objects coders reported su Е 
а difficulty, д plausible Me cee 
Suggested by another unpublished stu d 
/hen Ss Silently named pairs of дас 
they took ап average of 2.9 sec. per P di 
Using Objects code, 4.2 sec. using ж 
Sions code (a difference significant x 
yond the .001 level). Since the iur 
image of a briefly presented wa 
ades considerably within 2 sec. (Sperli 
1960), the slower Dimensions coders Br 


p 
unable to encode it completely before ! 
fades, 
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WAVE-LENGTH GENERALIZATION AS A FUNCTION 
OF SPACING OF TEST STIMULI! 


HERBERT FRIEDMAN 


Duke University 


To find whether generalization curves de 


relative values of test stimuli, 


length of light and tested with 
apart. 


gradients from the 3 test seri 


In a recent review of stimulus gen- 
eralization, Mednick and Freedman 
(1960) suggest that the extent of S's 


raining stim- 
timulus units 


experienced 
within the immediate experimental 
situation). 
The “units hypothesis” 


suggests 
gradients 
of testing 
e of the 


that stimulus generalization 
are established in the course 
as S learns the magnitud 
intervals Separating test Stimuli, It 
follows from the hypothesis that а 
generalization gradient obtained with 
a series of stimuli closely spaced ina 
narrow range would be Steeper when 
plotted against physical units than 
one obtained using widely Spaced 
stimuli over a larger range. How. 
ever, these two gradients Should be 
identical if graphed in terms of stim- 
ulus units. The view is suggestive 
of Lashley and Wade's (1946) posi. 
tion, and it also presents an analogy 


1 This investigation was carried out during 
tenure as a Public Health Service Post- 
doctoral Research Fellow. The author wishes 
to thank Norman Guttman, who acted as 
sponsor and provided Support from Grant 
M-3917, National Institute of Mental Health, 
United States Public Health Service, 


pend upon the absolute or 


15 pigeons were conditioned to 1 wave 
11 wave lengths spaced 5, 10, or 20 ти 
ing each test series with intervening 
re plotted against physical units, the 
ез were virtually identical. No support 
Tence process as predicted by the “units 


to Helson's (1959) adaptation level 
Process, with the frame of reference 
in this case determined by the P 
of generalization-test stimuli and th 
intervals between them. "E 
The units hypothesis by a 
would readily explain the failure 1 
Guttman and Kalish (1956) to 229 
а relationship between generalization 
and discriminability for врс as 
stimuli. It was expected that t at 
Slope of the generalization ята 
would be inversely related to the d 
of the jnd, but this effect was d 
found, However, if Ss responded 0 
the basis of stimulus intervals, E 
Would adjust to the particular degre Е 
of discriminability in the test тен 
and the gradients produced by M 
group would therefore be similar d 
Slope. Another problem of а ШО 
odological sort arises in experimen é 
where additional test stimuli about t in 
training stimulus are used to obta! 
а Ппег picture of the pattern 6) 
Seneralization (e.g., Guttman, 1956); 
the units hypothesis is correct 5 
Will adjust to the narrower stimu pt 
Spacing and по more detail will dis 
seen. An inspection of such gd 
ents, however, indicates that p 
form is much the same as would 
expected if the added stimuli ДО 
not been used. Guttman (195 
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STIMULUS SPACING AND GENERALIZATION 


also reports that typical wave-length 
gradients were obtained when six 
test stimuli were used on one side 
of the training stimulus and three 
on the other side, instead of using a 
balanced series. These two experi- 
ments suggest that pigeons are not 
strongly affected by stimulus spacing 
ог range. 

The present experiment is specifi- 
cally designed to determine if during 
Color generalization testing pigeons 
respond on the basis of stimulus inter- 
vals, as suggested by the units hy- 
Pothesis, or more directly to the wave 
length of the test stimulus. The Ss 
are trained and then tested for gen- 
eralization using stimuli 5 ти, 10 my, 
or 20 my apart. 


METHOD 


_ Subjecis.—The Ss were 15 naive Carneau 
Pigeons maintained at 75% ad lib. body 
Weight by restricted feeding. A 23-hr. 
deprivation schedule was maintained during 
the experiment. Р 

Apparatus.—A Skinner-type key pecking 
&pparatus was used, the same as previously 
described by Guttman and Kalish (1956). 

uring training of key pecking and testing, 2 

ausch and Lomb diffraction-grating mono- 
chromator illuminating the key was the sole 
Source of light in the 578 chamber, except for 
the white light associated with operation of 
the food magazine. A white overhead light 
in the box provided illumination during 


Magazine training. 
Procedure.—Day 1 to Day 20 were con- 
Secutive. 
Day 1: The Ss were trained to eat from the 
Cod magazine, first with a light in the box 
and thereafter in the dark. — 
Day 2: The Ss were conditioned to peck 
a key illuminated by monochromatic light 
length. After training the 
10 continuous reinforce- 
5 reinforcements randomly 


s were reinforced on a 
1 reinforcement sched- 


Ше (У1-30 sec) for 40 p 
ү оп separated by j 
ight supplied to the кеу). 

Days 4-13: The same as Day 3 except that 


е mean interval between reinforcements was 
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TABLE 1 


ORDER OF PRESENTATION OF 
Test CONDITIONS 


Spacing of Test Stimuli in Mz 


Order | N 
First Second Third 
Test Test Test 
I |5 5 10 20 
п |$ 10 20 5 
Ш |5 20 5 10 


1 min. (VI-1). Each scheduled reinforcement 
was kept available for a maximum of 10 sec. 
If the S did not make a response within this 
interval the scheduled reinforcement was 
canceled. 

Day 14: Generalization testing was carried 
out. For all Ss the test consisted of four 
random presentations under extinction condi- 
tions of each of 11 stimuli. For Cond. 5 
my, the test stimuli ranged from 525 ти 
to 575 mp іп 5-ши steps. For Cond. 10 
ma, the test stimuli ranged from 500 mz 
to 600 ти in 10-ти steps. For Cond. 20 
my, the test stimuli ranged from 450 mz 
to 650 ти in 20-my steps. Five Ss were 
randomly assigned to each condition. 

Days 15-17: Training as on Day 4. 

Day 18: Second generalization test; condi- 
tions assigned according to Table 1. 

Days 19-21: Variable-interval training as 


on Day 4. 
Day 22: Third generalization test, condi- 


tions assigned according to Table 1. 


RESULTS 


Test of units hypothesis —The mean 
generalization gradients for the first 
test are shown in Fig. 1a with the 
mean percentage of the rate to 550 
my plotted against the stimulus 
units and in Fig. 1b plotted against 
wave length. It is clear that the 
gradients are not similar when using 
stimulus units: the 5-ти condition 
produces the flattest gradient, and 
the 20-mpz condition the steepest. 
Gradients in terms of wave length, 
however, are highly similar, with 
approximately equal responding to a 
given wave length without regard 
to the position of that stimulus with- 
in the three test series. 
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STIMULUS SPACING AND GENERALIZATION 


Figures 1b and 1c show the mean 
gradients for the total test series with 
each S tested under the three condi- 
tions. The picture is essentially the 
Same as shown in Fig. 1а and 1b 
except for a greater regularity. In 
Fig. 1c, based on wave length, the 
5-my and 10-my condition gradients 
are virtually identical while the 20-ти 
curve is slightly flatter. Again, there 
are large and consistent differences 
among the gradients plotted against 
stimulus units. Each S gave its 
flattest gradient (in terms of units) 
under the 5-ти condition, and 11 of 
the 15 Ss gave their steepest gradients 
under the 20-ти condition. A Treat- 
ments X Treatments X Ss analysis of 
variance (Lindquist, 1953) of the 


results shown in Fig. 1c, based on 
stimulus units, indicated that es 
T 


test conditions were significantly ‹ 
ferent (p < .01). The Conditions 
X Units interaction ( X -01) showed 
that the slopes of the gradients were 
Significantly different. 

Gradients based on absolule rate of 
responding.—Figure 2 shows the mean 
rate of responding given to the three 
Wave lengths common to the three 
test conditions (530, 550, and 570 
mu) under the three test conditions 
based on № = 15. The slopes of the 
gradients are essentially identical, 
and agree with the gradients based on 
transformed data. А higher overall 
rate was found under the 20-ти 
condition, presumably because the 
extreme stimuli in this series elicited 
little responding and consequently 
contributed little to the extinction 


of the response. 


DISCUSSION 
ta unambiguously con- 


tradict the units hypothesis. It is clear 
that the S's responding to a given stim- 
ulus is primarily determined by the 

istance in wave length between that 


The present da 
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200 
2 SMy condition 
z — — 10M y condition 
z 160) -----20M y condition Pw 
N 
№ 120| 
E 
o| 
> 8 
< 
ш 
= 40 
о 
WAVELENGTH (му) 
Fic. 2. Mean rate of responding based on 


three tests with each S tested under each 
condition, № = 15. 


stimulus and training stimulus, and 
that the effect of the test series is 
negligible. 

Since at the start of testing S has had 
no experience with the test series, the 
units hypothesis involves a specific 
prediction that S will respond to the 
first stimulus presented in the test series 
at approximately the rate given to the 
training stimulus. Figures 1а and 1c 
show that responding to the first test 
stimulus, which was always in the +4 
units position, closely matches the aver- 
age rateand isan orderly function of wave 
length. There is no evidence to suggest 
the development of a frame of reference 
during the course of testing. 

The studies cited to support the units 
hypothesis employed human Ss and 
frequency of sound (Hovland, 1937; 
Humphreys, 1939). Differences between 
these experiments and the present one 
may be due to differences either in the 
nature of the stimuli or of the Ss. It 
may be that frame of reference hy- 
potheses are inapplicable to qualitative 
continua like hue with which the stimuli 
are readily identifiable without resort 
to a frame of reference. The other 
possibility is that pigeons are not capable 
of using the information provided by 
the series of test stimuli (i.e., range and 
interstimulus spacing) to modify their 
responding. If this were the case, gen- 
eralization gradients using pigeons would 
primarily reflect the training procedure, 
while gradients from human Ss would 
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be largely contaminated by the testing 
procedure. Some support for this last 
point can be obtained from Thomas and 
Hiss (1963) who used human Ss and 
color stimuli in an experiment closely 
related to the present one. He found 
that the Ss responded in part to both hue 
and stimulus spacing. Differences in 
method prevent a fuller comparison of 
the two experiments. A more detailed 
discussion of the importance of species 
differences in related problems is to be 
found in Kendler (1961). 
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STIMULUS GENERALIZATION ALONG ONE AND TWO 
DIMENSIONS IN PIGEONS? 


CHARLES M. BUTTER 


University of Michigan 


2 groups of pigeons were tested to compare 1-dimensional with 2- 
dimensional generalization and to determine whether stimulus dimen- 
sions have interacting effects of generalization. Following single stimu- 


lus training, 
in wave length, in angu 
groups showed less genera 


both groups were tested for generalization to stimuli varied 
lar orientation, and in both dimensions. 
lization to stimuli varied in 2 dimensions 


Both 


than to stimuli varied in 1 dimension. Also, the 2 dimensions had inter- 


acting е 
mathema c ) 
relating multidimension 


Although stimulus generalization 
has been investigated from many 
Viewpoints, little attention has been 
directed toward the problem of how 
generalization takes place to stimuli 
varied along two or more dimensions 
аз compared with generalization to 
Stimuli varied in a single dimension. 
Experimental analysis of this problem 
тау be considered one approach to 
the more general question of how 
different stimulus attributes combine 
to affect perceptual similarity. The 
experiments reported here were under- 
taken (a) to compare the amount of 


generalization to stimuli varied in one 


and in two dimensions and (b) to 
determine if two stimuli, each varied 
in a single dimension, exhibit inde- 
Pendent or interacting effects on gen- 
eralization when combined (Guttman, 
1956). Evidence for independent 
effects of such stimuli on generaliza- 
tion would be provided if the general- 
ization decrement to a stimulus varied 
in two dimensions were the sum of 


*Th ond experiment in this report 
orms ues: dissertation submitted to the 
Graduate School of Arts and Sciences, Duke 

niversity, 1959, in partial fulfillment of the 
requirements for the PhD degree in psy- 
chology, The author is indebted to Norman 

uttman for his advice in planning these 


Studies. 


ffects on generalization. An attempt was made to describe the 
tical form of this interaction in order to specify the function 
al to unidimensional generalization. 


generalization decrements to stimuli 
varied in each dimension alone. On 
the other hand, stimulus interaction 
would result if generalization decre- 
ments to stimuli varied in one dimen- 
sion did not summate. If such an 
interaction were found, it would be 
of further interest to attempt to 
determine its mathematical form and 
thus describe the function relating 
multidimensional to unidimensional 
generalization. 

The method used in this study is 
the one employed by Guttman and 
Kalish (1956) to obtain wave-length 
generalization gradients in pigeons 
following training with a single spec- 
tral hue. The present study also 
employed wave length as one stimulus 
dimension and a visual-spatial dimen- 
sion, angular orientation of a band of 
light (Butter & Guttman, 1957), as 
the second dimension. 

Generalization to stimuli varied 
in one and in several dimensions has 
been investigated in two recent studies. 
Fink and Patton (1953) found that 
the amount of generalization decre- 
ment of an instrumental tube-drinking 
response in rats was directly related 
to the number of changed stimulus 
components. White (1958) found 
more generalization decrement in 
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children to stimuli varied in two 
dimensions than to stimuli varied in 
either dimension alone. However, 
no conclusions were reached regard- 
ing the quantitative manner in 
which stimuli combined to affect 
generalization. 

In the present study, two groups 
of pigeons were tested. The Ss in 
Group 1 were tested for generalization 
to a small number of stimuli, while 
those in Group 2 were presented with 
à larger number of stimuli in order 
to obtain gradients of generalization. 


METHOD 


was masked so that d running through 
its center, 1 in, in length and e in. in width 
was exposed to the light beam. The key 
could be rotated about its center within the 
frame by means of Spur gea; 
rod. When Ss were key рес 
moved back to disengage the Sears on the key, 
The angular orientation 9f the band of light 
was set by means of a pointer attached to the 
other end of the rod. Settings, calibrated by 
a protractor, were accurate to Ts, Mono- 
chromatic interference fi 


in order to exclude lower wave lengths in the 
first-order spectrum. 


? Nominal values are those given in the 
manufacturer's catalogue, while actual values 
are those determined Spectrophotometrically 
by the manufacturer and by Æ 
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TABLE 1 


Р Я " 
NOMINAL AND ACTUAL PEAK TRANSMISSION 
VALUES OF MONOCHROMATIC 
INTERFERENCE FILTERS 


| Nominal Value (My) | Actual Value (Ми) 


520 522 
Group 1 550 548 
580 579 
530 532* 
510 539 
Group 2 550 548 
560 561 
570 571 


to- 
à Upon completion of the experiment, spectrophets 
metric analysis indicated that the peak transa gn ma. 
{alue of the 530m, filter had changed 19 uring the 

urse of 19 likely that this change occurred ‹ епа 
Course of the experiment, responses to this wave of the 
Stimulus аге not included in the presentation 

ata. 


Subjects—The Ss were 37 experimentally 
naive white Carnean pigeons, 10 of w ‚2. 
Were assigned to Group 1, and 27 to Group. 
All Ss were housed in individual Cazes cdi 
maintained at 75% of their ad libitum bo 
weight throughout the experiment. ini 

Procedure.—Following magazine mae 
all Ss were trained to key peck by the ШЕ рап 
Of successive approximations and were e o 
given 50 continuous reinforcements on eac o 

Successive days, During this stage | e 
training, an overhead light was on in nly 
apparatus, but in subsequent stages, the d 
illumination in the box was provided by the 
light from the key. In training erent by 
and of light on the key was illuminatec on 
light of 550 ma and was in a vertical poa 
(90°). Following the completion of key Ре a 
training, Ss Were trained on a variable-interv 
(V reinforcement schedule with a mean 17 
terval of 1 min, Training sessions were а 
ministered over 10 days and consisted cel 
55-sec. light-on periods, during which the in- 
was illuminated and key pecks were am 
orced, alternating with 15-sec. ШЕ 
periods, during which no key pecks W 
reinforced, vI 

On the day following the completion of en- 

' SS were tested for stimulus 8 s 
Immediately before TEONE 
ed for pecking at the keen 
Six 30-sec. periods. Subse’ in 
П testing was carried ou 


Were reinforc 
Stimulus for. 
Seneraliza tio, 
extinction, 


1 
А In Seneralization testing, Ss in OP 
were presented with stimuli differing Ho rib 
and in two dimensions from the trai 
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Stimulus by pairing three values of wave 
length, 520, 550, and 580 ти, in all possible 
combinations with three values of angular 
orientation of the band of light, 40° (rotated 
50? to the left of 90°), 90°, and 140° (rotated 
50? to the right of 90°). In addition, 0? 
(horizontal) was paired with 550 ma, so that 
a total of 10 different stimulus combinations 
was presented. These 10 stimulus com- 
binations were presented 12 times, and within 
each of the 12 blocks, the stimulus combina- 
tions were arranged in a different random 
Order. Each stimulus presentation lasted for 
30 sec. and was followed by a 15-sec.dark 
Period, during which stimuli were changed. 
On the following day, Group 1 Ss received a 
Second generalization test, administered in the 
Same manner as on the first day of testing. 
The Ss in Group 2 were presented on the 

first day of generalization testing with all 
Possible combinations of five values of wave 
length, 530, 540, 550, 560, and 570 ти, and 
five values of angular orientation, 30°, 60°, 
90°, 120°, апа 150°. Еасһ of these 25 stimu- 
lus combinations was presented six times, and 
Within each of the six blocks, stimulus com- 

inations were arranged in a different random 
Order, Three blocks of stimuli were presente 
Оп the second day of generalization testing. 
In all other respects, testing Was conducted 
in the same manner as with Group 1. 


RESULTS 


Group 1.—Mean responses to stim- 
uli presented in the two generalization 
tests are plotted in Fig. 1 and 2 asa 


function of wave length, with angular 
orientation as the parameter, and as 
a function of angular orientation, 
with wave length as the parameter. 
It is evident that generalization on 
the two tests is highly similar, differ- 
ing only in the overall response level. 
Responses on the two tests were 
pooled in analyses of the results. 

Generalization decrement occurred 
to stimuli varied in either dimension ; 
analysis of variance indicated that 
both wave length and angular orien- 
tation effects are highly significant 
(see Table 2). Further, there is an 
asymmetry in wave-length generali- 
zation; significantly more responses 
were given to 580 my than to 520 
тїш, £ (9) = 7.90, p < .001. Angular 
orientation generalization, on the 
other hand, was more nearly sym- 
metrical; among the 10 Ss, there was 
no consistent tendency to generalize 
more to one value of angular orienta- 
tion than to the other. 

In order to compare the amount of 
generalization to stimuli varied in one 
and in two dimensions, differences 
between mean responses to these two 
classes of stimuli were evaluated by a 
t test for correlated scores. The 


FIRST TEST 
— M 

«v 200 

w 

a 

= 

[е] 

a 

N 

ш 

[3 

а 

= 100 

o 

i 

E 0*-550 Mj 

ш 

> 

bi si Т F 
Ms 550 580 0° 40* 90° 140° 
WAVE LENGTH - Mp ANGULAR ORIENTATION - DEGREES 
Fic. 1. Mean total responses to wave length and angular orientation 


stimuli on the first generalization test (Group 1). 
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SECOND TEST 


80 


60 


40 


20: 


MEAN TOTAL RESPONSES 


WAVE LENGTH - Mj. 


Fic. 2. Mean total responses to уу; 
stimuli on the second gen 


results of this test showed significantly 
less generalization t 


o stimuli varied in 
two dimensions than to stimuli varied 


(9) 56.73, p <.001. 
y be further ex. 
determine whether 
ave-length and angu- 
dimensions exert in- 
nteracting effects on 
generalization. If the effects of these 
stimuli are independent, then the 
family of gradients along one dimen- 
sion should be parallel. It appears, 
however, that the gradients are not 


stimuli on the w; 
lar orientation 
dependent or i 


TABLE 2 


ANALYSIS OF VARIANCE OF TOTAL RESPONSES 
on Вотн TESTS то Wave LENGTH 
AND ANGULAR ORIENTATION 
STIMULI: Group 1 


Source df MS 


r 

Total 89 

length (W) 2 | 109,751.5 | 37.754% 
n (A) | d 148,678:5 | 12.49% 
wea 13,058.6 | 5.79% 
Ss in groups 

; 18 | 2,8992 
pire 18 | 119026 
W XA X Ss 36| 22571 


te.—Since there were repeated 
Beatie macie eve One te 
means of the conservative proceduri 
Geisser and Greenhouse (1958). 


жр < ‚05. 
55 


Observations on 
Were tested by 
© suggested by 


O*-550My 140° 
J 
аы == 
550 580 0° 40° 90° 140° 


ANGULAR ORIENTATION - DEGREES 


ave length and angular orientation 


eralization test (Group 1). 


parallel, but rather interact, as d. 
Sted by the significant Wave Length 
X Angular Orientation interac a j 
(see Table 2). Furthermore, it ap- 
pears from the graphs depicting m 
results that this interaction oo 
Such a way that the каше a 
multiples of each other, i.e., the ace 
of the gradients suggests that rl 
generalization along one e 
is equal at different levels oE m- 
810014 dimension, Thus, for exam- 
Ple, if Rt = responses to the und 
stimulus, Ra — responses to а ME 
us varied only in angular orientato 
W = responses to a stimulus var 
only in wave length, and Raw “both 
Sponses to a stimulus varied in 


h 
angular orientation and wave length: 
then: 


Ra Rwa 
Rt Rw 
and 
Ra X Rw 
Rwa = TER 
Divi 


s ion 
ding both sides of the equati 
t: 


by R: 


Rwa _ Ra X Rw 
Rt REX Rt 
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TABLE 3 


MEAN RESPONSES OBTAINED AND PREDICTED 
BY THE MULTIPLICATIVE RULE: GROUP 1 


Mean Mean 
Stimulus Obtained | Predicted | PVE* 
Responses | Responses 
580 my, 40? 84.1 91.6 92 
580 my, 140? 89.5 86.5 93 
520 ти, 40° 46.4 44.4 90 
520 ти, 140° 49.3 41.9 92 
со.р? 
“Proportion of Variance Explained = 1 — ү 


Where ф = predicted responses and о = obtained re- 
Sponses (Levine, 1959). 


According to the last equation, rela- 
tive generalization to the stimulus 
varied in two dimensions equals the 
product of the values of relative 
generalization to the two stimuli each 
of which is varied in a single dimension. 
. Mean responses to stimuli varied 
in two dimensions and responses pre- 
dicted by this ‘multiplicative rule" 
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are shown in Table 3. It is evident 
that predicted responses closely ap- 
proximate obtained responses; the 
overall mean error of prediction was 
7.9%. Included in the same table 
are values of PVE (percent variance 
explained by predicted responses) ; 
the high values of this statistic indi- 
cate that responses of individual Ss 
were predicted with a high degree of 
accuracy. 

Group 2.—The results of generali- 
zation testing, shown in Fig. 3 and 4, 
are similar to those of Group 1. 
Analysis of variance indicates that 
both wave length and angular orien- 
tation effects were significant (see 
Table 4). Also, wave-length generali- 
zation was markedly asymmetrical, 
i.e., significantly more responses were 
given to 560 пш than to 540 mu, 
{ (26) = 7.94, p < .001. As in the 
previous experiment no consistent 


FIRST TEST 


100. 


50 


MEAN TOTAL RESPONSES 


540 550 
WAVE LENGTH-Mu 


Fic. 3. Mean total respons 


on the first generaliza 


es to wave length 
tion test (Group 2), 


30* 60* 90° 120° 
ANGULAR ORIENTATION -DEGREES 


and angular orientation stimuli 
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SECOND TEST 


24. 


MEAN TOTAL RESPONSES 


550 560 
WAVE LENGTH- My 


Fic. 4. Mean total responses to 


asymmetries were found 
orientation generalization, 
significant differences were again 
found between mean responses to 
stimuli varied in one and in two qi. 
mensions; fewer Tesponses were given 
to stimuli varied in two dimensions 
than to stimuli varied in one dimen- 
sion, t (26) = 7.54, p < .001. 
Finally, a significant Wave Length 
X Angular Orientation interaction re- 
sults from the tendency for gradients 
along one dimension to broaden at 
successive levels of the second di- 
mension (see Table 4), although in. 
spection of Fig. 3 and 4 reveals that 
this tendency is not entirely con- 
sistent. The multiplicative rule de- 
scribed previously was used to predict 
responses to stimuli varied in two 
dimensions, and mean obtained and 
predicted responses are shown 


in angular 
Further, 


in 


570 


wave length and 
on the second generaliz: 


30* 


5 Lm 120° ! 
ANGULAR ORIENTATION- DEGREES 


angular orientation stimuli 


ation test (Group 2). 


Table 5. Prediction accuracy 1 / 
Similar to that found previbip st 
the mean error of prediction was 9.7 = 
However, it is evident that the Шу 
jority of values of PVE are marke Its 
lower than those found in the resu 


TABLE 4 © 
ANALYsIs ор VARIANCE ОЕ TOTAL RESPONS 
ON Born Tests то Wave LENGTH 
AND ANGULAR ORIENTATION 
TIMULI: GROUP 2 


F 
Source df Me | „хе 
Total не 
ave length (W) 529 35,4774 ae 
Angular Orientation (A) 4 | 222,794.4 " 
Ss in groups 26 3.27" 
УХА 12| 3,403.4] 3- 
W X Ss 78| 3,7928 
A X Ss 104 7,114.3 
WXA xs, 312| 10397 
d 
isser ай 
Моют i dure of Geis sig- 
reenhouse ti Ssg) vative proce: the 


i ting 
ii was used in evalua 
nificance of the F rati 
+ " ratios. 
01 


Ф < 1001, 
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TABLE 5 


MEAN RESPONSES OBTAINED AND PREDICTED 
BY THE MULTIPLICATIVE RULE: GROUP 2 


Mean Mean 
Stimulus Obtained | Predicted | PVE 
Responses | Responses 
540 my, 30° 22.1 23.5 | .46 
540 ти, 60° 57.6 68.1 | .30 
540 my, 120? 73.3 67.6 | .39 
540 my, 150? 21.5 21.7 | -44 
560 my, 30° 38.5 36.3 .56 
560 my, 60? 87.2 104.9 | .52 
560 my, 120? 91.9 104.1 | .74 
560 my, 150? 28.9 334 | .88 
570 ти, 30° 30.5 27.9 | .90 
570 mu, 60? 89.3 80.7 | .16 
570 my, 120? 76.0 801 | .52 
570 ти, 150° 27.2 257 | 037 
of Group 1, reflecting the poorer 


prediction of individual Ss’ responses. 


DISCUSSION 


The results of this study indicate that 
ibed by Gutt- 


the operant situation described 
man and Kalish (1956) in their study of 
Stimulus generalization can also be em- 
ployed to obtain gradients along two 
dimensions from individual Ss. More- 
Over, these gradients are similar to those 
generated in tests in which stimuli are 
varied only in a single dimension. Thus, 
in both, the wave-length gradients 
around 550 mp were asymmetrical in 
the same direction as those reported in 
Previous studies (Blough, 1961; Gutt- 
man & Kalish, 1956; Hanson, 1959), 
while angular orientation gradients were 
more symmetrical, resembling those de- 
scribed earlier for this dimension (Butter 
& Guttman, 1957). 

The results of both groups demon- 
Strate that generalization | to stimuli 
Varied in two dimensions 1$ less than 
generalization to stimuli varied in either 
dimension alone. This finding is con- 
sistent with previous ones (Fink & 
Patton, 1953; White, 1958) and suggests 
that perceptual similarity can be altered 
More readily by multidimensional than 
by unidimensional stimulus changes. | 

A significant interaction between di- 
mensions was found in the results of 
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both groups. This finding is not con- 
sistent with the view that multidimen- 
sional generalization is the result of the 
algebraic summation of generalization 
decrements to all discriminable stimulus 
changes. The form of the generalization 
gradients obtained in Group 1 suggested, 
rather, that relative generalization to a 
stimulus varied in two dimensions equals 
the product of the values of relative 
generalization to stimuli varied in a 
single dimension alone. In perceptual 
terms, this multiplicative rule states that 
the similarity between stimuli differing 
in several dimensions is a joint function 
of the perceived similarity between 
stimuli within each of the relevant di- 
mensions. The multiplicative rule pre- 
dicted mean responses and responses of 
individual Ss in Group 1 with a high 
degree of success. However, predictions 
of individual Ss’ responses in Group 2 
were much less accurate, a finding which 
may be accounted for by the fact that 
each stimulus was presented less fre- 
quently to these Ss than to those in 
Group 2, thereby tending to reduce re- 
liability of measurement. It is also 
possible that response interactions be- 
tween stimulus presentations contributed 
variability to the results and thus to 
predictions of responses. The lower ac- 
curacy of predictions of the Group 2 data 
may also be due, at least in part, to lack 
of complete orthogonality of the dimen- 
sions, ie., probabilities of response to 
each aspect of the stimulus may not be 
independent. However, since no con- 
stant errors of prediction were found in 
mean responses or in responses of indi- 
vidual Ss, it appears unlikely that depar- 
ture from orthogonality had any sig- 
nificant effect on the results. Finally, 
one should recognize the possibility that 
multidimensional generalization cannot 
be described by any simple quantitative 
rule that is applicable to a variety of 
stimulus dimensions and experimental 
conditions. Future studies using other 
dimensions and methods of testing may 
provide more information about the 
manner in which multidimensional gen- 


eralization occurs. 
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ASSOCIATION VALUE, FAMILIARITY, AND 
PRONUNCIABILITY RATINGS AS 
PREDICTORS OF SERIAL 
VERBAL LEARNING 


RICHARD H. LINDLEY? 
Trinity University 


3 measures of meaningfulness were compared as predictors of the ease 
of serial verbal learning of 12-item lists of consonant-vowel-consonant 
trigrams of 30-80% association value (AV). There were 4 main groups 
of Ss; the lists had the same values for 2 measures of meaningfulness and 
1 which was different (e.g., equal average AV and familiarities but 
different average rated pronunciabilities). Ss were 80 men and women 
college students. The results were that ease of learning was not a 
function of rated pronunciability or familiarity (p > .05) but was a 


function of AV for the number of correct responses measure of learning 


(р = .05). 


Three related measures of the 
Meaningfulness of trigrams аге asso- 
ciation value (AV), familiarity, and 
Pronunciability rating (PR). There 
has been considerable recent interest 
in determining which of these meas 
ures most accurately predicts the ease 
of verbal learning and hence presum. 
ably underlies the dimension o 
meaningfulness (Archer, 1961; Di 
Mascio, 1959; Johnson, 1962; Lindley, 
1960; Saltz & Ager, 1962; Terwilliger, 
1962; Underwood & Schulz, 1960). 

he present study compared these 
three measures as predictors of serial 
Verbal learning with moderately 
meaningful CVC (consonant-vowel- 
Consonant) trigrams. 


METHOD 


Experi: 1 design—lhere were four 
main perm Ss. "Group 1 learned a list 
of low AV, high PR (6^ hard to pronounce) 
Unfamiliar trigrams; roup 2 learned a list 
of low AV, low PR (easy to pronounce), un- 
amiliar trigrams; Group 3 learned a list of 
high AV, low PR, familiar trigrams; Group 4 


Bn — H 

1The author would like to express his 
appreciation to Roy E- Hardman for his very 
capable assistance in all phases of this 
research, ? 


learned a list of high AV, low PR, unfamiliar 
trigrams. A significant difference in ease of 
learning between Groups 1 and 2 may be 
attributed to the difference in PRs; between 
Groups 3 and 4 to the difference in familiarity ; 
and between Groups 2 and 4 to the difference 
in AVs. 

Materials —Table 1 presents the lists of 
trigrams that were used. In addition to the 
two different lists of items for each main 
group, there were two different serial orders 
of each of the eight lists. A few items were 
used in both lists of a given group; the extent 
of this duplication can be determined from 
Table 1. 

One estimate of pronunciability was the 
Underwood and Schulz (1960, Appendix E) 
PRs. In these ratings S was instructed to 
rate the items on a nine-point scale according 
to their relative ease or difficulty of pronounc- 
ing. Low numbers indicate easy to pronounce 
items; high numbers indicate hard to pro- 
nounce items. 

A second estimate of pronunciability was 
obtained from 30 Ss from Trinity University 
who rated the pronunciability of all items 
used in this study. These ratings were ob- 
tained after the serial learning data had been 
collected ; none of these Ss participated in the 
serial learning study. 

Both the recent Archer (1960) and Noble 
(1961) AVs were used to estimate AV. 
Noble's (1961) association ratings (а' values) 
were also used; in these ratings Ss used a 
five-point scale to rate the number of associa- 
tions they thought the items would elicit. 
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TABLE 1 
Lists Usep 
Group 1 Group 2 Group 3 Group 4 
ZOJ CYR VIF VAD CED ZAM KUS ВЕК 
CYR  GUD ZUN MEF HAZ HOV NEL TAS 
ХАТ XAN ҮАС ҮАС VER уп, JAS PUK 
COH YIR TOZ РЕХ FAC jus КЕК КҮМ 
NIQ QAD MEF TIV BON Wow CUZ KUF 
JUX сон CIB ZON DIR REC LYN WEY 
QAD  BUV HEG WIB САК ұр РАХ ВІМ 
YUW RAJ KIV TUD BOT Јок BOZ GOP 
КАЈ YUQ PEX JOR JAD DAL KAV YUM 
GUD сн VAD VIF ROZ suk DUX BAH 
WIH TUW YIN MOG VAL^ mox YAH FEY 
коо zox ZED ЈЕС DOK MAK CIL WUN 
^ This item was used by mistake Underwood and Schulz PRs are not available for it. 


7 ions 
Cue for the first item. Typical Шен УБЕП 
for learning by the anticipation method P stie 
the items are spelled were read to S at 


7 4P- start of t i 1 
* D) Total (frequency) Count. This he bes Ee en to a criterion of one 
count gives the estimated frequency of oc- perfect Tecitation or for 25 trials, whichever 
Currence of trigrams Per 141,000 words. took OnBer. Thus data for the number О 
Ену Was estimated by determining trials to reach the criterion and for the num- 
Whether or not ап item was the first three ber of Correct responses during 25 trials were 
letters of one or more words which appeared collected ne = eption was made to the 
in English text 10 times per million Or more as above criterion ino s tested for more than 
Teported by Thorndike anq Lorge (1944) 60 trials. There ы 1s in Group 1, 4 1 
he various indicators of meaningfulness Toup 2, and 1 j e 3 who were teste! 
as they apply to the groups used in this for 60 trial ^h Group Baw 
experiment are presented in Table 2. The Subjects —The S; 80 men and women 
items were selected for each list with the Students fro Ti ity Ui iversity. None 0 
restriction that formal intralist similarity the Ss had pa on y ive iz a memory 
MH ns. мешур м; equal drum ү ка There ve to 
Procedure.—The items were Presented on 4 expen lita Ss Were yep pep 
memory drum at а 2-sec. rate with a 14-зес, that each § conditions in bloc da different 
rest between trials, Ап asterisk served as 7 list Э Within a block learne 
TABLE 2 
MEAN MEaNINGruLNEss VALUES FOR THE Groups 
Groups 
1 2 n 4 
Underwood and Schulz PRs 5.3. —— ilable 
Trinity PRs $30 296 a ws 
Archer AVs 33.83 dis 228 78.63 
Noble AVs 48.32 55.38 16:96 83.59 
Noble a' values А 1.72 18 88.83 257 
Underwood and Schulz frequencies 0.75 2536 202 8.63 
Average number of familiar items 0.00 ase 56.79 0.50 
(Thorndike-Lorge count) : 9.00 à 


Note.—See text for explanation, 
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TABLE 3 


MEANS AND SDs For TRIALS TO REACH CRITERION, FOR NUMBER OF CORRECT 
RESPONSES IN 25 TRIALS, AND FOR ERRORS PER TRIAL 


Intrusion Errors Invention Errors 


бйр Trials Number Correct per Trial per Trial 
Mean SD Mean SD Mean SD Mean SD 

1 37.65 12.33 | 114.55 | 37.86 -50 .32 .67 44 

2 38.20 13.34 112.70 | 41.84 .62 28 .78 447 

3 26.95 11.67 156.25 | 38.96 75 .34 .39 32 

4 33.40 12.77 | 141.95 | 44.40 73 42 A4 22 


RESULTS AND DISCUSSION 


Serial learning.—Table 3 presents 
the means and SDs for the number of 
trials to reach criterion and for the 
number of correct responses during 
25 trials. The analyses of variance 
for these measures are presented in 
Table 4. In both analyses meaning- 
fulness was the only significant source 
of variance; the Duncan multiple 
range test (with a — .05) as described 
by Edwards (1960) was used to test 
the differences between the main 
groups. These analyses аге presented 


within the limit of 60 trials as com- 
pared to the Ss in Group 4, all of 
whom reached criterion within 60 
trials. Since Ss who did not reach 
criterion were given a score of 61 
(the earliest trial on which they could 
have reached criterion), the mean 
number of trials to criterion for Group 
2 likely are biased by being too low; 
this bias could account for the failure 
to find a significant difference in trials 
between the groups that differed in 
AV (Groups 2 and 4). 

'The serial learning data were an- 
alyzed into two stages as a test of the 


ut Table 5. Of the е op two-factor theory of verbal learning 

meaningfulness used, Oe ros of Underwood, Runquist, and Schulz 
Curately predicted ease uer of (1959). According to these authors 
апа then only when a the first stage consists of response 


Correct responses measure of learning 
Was used. However, 20% of the Ss 
in Group 2 did not reach criterion 


TABLE 4 


ANALYSES оғ VARIANCE 0! 
LEARNING DATA 


F THE SERIAL 


umber Correct 
i 


iterii N 
Trials to Criterion m 25 Trials 


Source 


learning akin to the response integra- 
tion notion of Mandler (1954) and 
the second stage of associative learn- 
ing in which associations are formed 
between the integrated items. It is 
assumed that the two stages can pro- 
ceed concurrently. Postman (1961) 
wrote: 


The duration of the integrative stage is 
estimated by the number of the trial on 


a| ms | F | MS | Е 1 i й 
Meani — | 540.10 | 3.264] 9082.88 | 5.17** which the correct response is first given 
Ticaningfulness 5 210.68 | .62 | 1851.79 | 1.02 anywhere in the list. The length of the 
Riders 8 101.00 56 TER A associative stage is measured by the number 
Remisations & [oti т 1818.11 of trials between the end of the integrative 
ooled error 76 | 165.55 1755.76 stage and the first occurrence of the correct 
пета sequential association (р. 101). 


^ This is the appropriate error term for testing the 
effects of meaningfulness. 


“> Zl 


This analysis is presented in Table 6. 
Analysis of variance shows that 
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TABLE 5 
DIFFERENCES BETWEEN Group MEANS IN SERIAL LEARNING 


Trials to Criterion 


Groups Groups Shortest 
. Significant 
Ranges 
1 4 3 
2 0.55 4.80 11.25 8.83 
4.25 10.70 8.54 
4 6.45 8.12 


there were no significant differences 
as a function of replications, orders, 
or lists in the mean number of trials 
on which the 
first given (F—.49, .63, 1.43, df —4/60, 
8/60, 4/60, respectively). 
fulness was a significant Source of 
' variance, F (3, 76) = 
e Duncan 


dicted by th 
high AV ite 


ignificantly 
low mean- 
9 comparable 


fewer trials than were the 
ingfulness items, N 
differences occurred for the associative 
Stage. The mean number of trials 
Separating the first appearance of the 
response from the first Correct place. 


ment was for Group ilg 1.40; for 
Group 2, 1.47; for Group $i 1.21; 
and for Group 4, 1.37, Analysis of 


variance shows no significant dif- 


TABLE 6 


MEANS AND SDs ron THE TRIAL N UMBER ON 
Wuicu RESPONSES WERE FIRST Given 
AND First PLACED Соккестіү 


First Given First Placed 
Groups 
Mean SD Mean SD 
ёа 
1 11.77 5.15 13.17 4.93 
2 11.91 4.59 13.38 5.12 
3 6.87 2.31 8.08 2.49 
4 8.61 4.14 9.98 417 


Number Correct in 25 Trials 


Groups 


ко б significant 
Ranges 
1 4 3 
3 
2 1.85 | 29.25 | 43.55 | 28.7. і 
1 27.40 | 41.70 27.80 
4 14.30 | 26.4 
ferences among these means, 
F (3, 60) = .40, 


Error data.—The means and SDs 
for the number of three-letter, on 
per trial made during the tas Ae 
Teach criterion are presented in Tal с 

n intrusion is a misplaced o 
Sponse from the list; an invention M 
а response which does not occur in t 
list. hat 

Analysis of variance showed i es 
there were no significant differen 
in intrusion errors as a function Я 
replications, orders, lists, or meine 
fulness (p = 2.24, .39, .50, 2. fs 
df = 4/60, 8/60, 4/60, 3/76, ger 
tively, p > 05). With respect to, ns 
invention type of error, replicate 
and orders were not signifi 

F = .51,. 51, df = 4/60, 8/60, an 
tively, 5 > .05); lists and med 

ulness were significant (F T ely, 
4.92, df = 4/60, 3/60, respectives, 
P < .05). ince lists were significan 
for invention errors, the significa 

effect of meaningfulness must ti- 
severely qualified. The most he 
fied Conclusion appears to be ae 
Meaningfulness did not have a cle 


ter 
Cut effect on either type of three-let 
errors, 


The serial learning results of the an 
ТЕ Study do not confirm the finding n 

nderwood and Schulz (1960) 8 

nderwood and Postman (1960) a 
found that Case of paired-associate 
Seria] learning was closely relate 


SERIAL VERBAL LEARNING 


PRs. The discrepancy in these results 
does not appear to be related to any 
unreliability of the PRs of the trigrams 
used in this study since the mean ratings 
of the lists used here (determined by 30 
Ss in the present study) are quite similar 
to those reported by Underwood and 
Schulz (1960). Of course, the range of 
meaningfulness in this study was nar- 
rower than that of the other studies and 
the present study used only CVC 
trigrams while the other studies had 
more than one type of trigram. Either 
or both of these differences in procedure 
could possibly account for the discrep- 
ancy in results. 
. For both measures of serial learning 
in this study, the familiar lists were 
learned better than the unfamiliar ones; 
however, familiarity by itself is not а 
Significant source of variance. Thus the 
results of the present study do not con- 
rm the previous assertion of Lindley 
(1960) that familiarity accurately pre- 
dicts ease of serial verbal learning inde- 
Pendently of AV. The previous Lindley 
(1960) study used the out-of-date Glaze 
(1928) and Krueger (1934) AVs—the 
recent Archer (1960) and Noble (1961) 
AVs had not appeared when Lindley's 
(1960) study was published ; the un- 
reliability of the Glaze and Krueger 

Vs may well account for the Lindley 
(1960) results (cf., Archer, 1961). 

he stage analysis strongly supports 

the Underwood et al. (1959) two-stage 
theory of verbal learning. The stage 
analysis suggests that the effect of mean- 
ingfulness was on the response integra- 
tion phase of verbal learning and that 
Meaningfulness had no effect. on the 
Associative stage. These findings are 
Quite comparable to results obtained by 
Postman (1961) with the learning of 
Serial lists of meaningful words. 
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COMPARISON OF SERIAL AND PAIRED-ASSOCIATE 


LEARNING! 


LEONARD M. HOROWITZ anb CHIZUKO IZAWA 
Stanford University 


Serial learning has been viewed as a paired-associate (PA) task where 
a single item is the effective stimulus for the following item. Recent 
evidence suggests that this view fails to describe the serial task ade- 
quately. To help understand this evidence, 4 lists were composed 
which varied in their internal association. The interitem associative 


strength was constant in 3 lists, 
items was varied. 


, and the strength between adjacent 
In a 4th list no 2 items were associates. 4 groups of 


20 Ss learned a list both serially and by the PA method. The PA items 


were formed from adjacent items of the serial list. 
the serial list 1st; Group P-S, the PA list 1st. 

between the 2 tasks and between the 2 direc 
adjacent items were strongly associated, the 


tween tasks were about equal. 
greater transfer occurred from 
findings. When no items we 
from serial to PA learning. 


According to an assumption that is 
often made in studies of serial learning, 
stimulus-response associations de- 
velop between adjacent items of the 
serial list. The serial task A-B-C-D 
has thus been viewed as a paired- 
associate (PA) task which contains 
the S-R pairs A-B, B-C, and C-D. 
This “chaining hypothesis" ignores 
other features of the serial list, and 
recent evidence has suggested that it 
fails to describe the effective stimulus 
adequately. The present study is 
designed as one step towards clarify- 
ing the nature of the effective stimu- 
lus. Serial and PA learning are com- 
pared on lists which vary in their 
internal association, and the amounts 
of transfer between tasks are also 
compared. 


Primoff (1938) presented S with a 
list of items to be learned serially. 


1 This research was supported in part by 
Grant M-5428 of the United States Public 
Health Service. The article is based upon a 
thesis submitted by the junior author to 
Stanford University in partial fulfillment of 
the requirements for the degree of Master of 
Arts, 


Group S-P learned 
Comparisons were made 
tions of transfer. When 
amounts of transfer be- 


When remote items were associated, 
PA to serial learning, replicating earlier 
ге associated, greater transfer occurred 


" -R 
Then S learned a PA list whose 5 


: iacent 
pairs were formed from (m 
items of the serial list. Every th 


ай ац Н vi 
п of the serial list became e 
Item z +1, the response. Prim 


m- 
concluded that this proces the 
paired S's PA performance, but ally 


comparison was not methodologic 1; 
Sound (Umemoto & Hilgard, d 
Young, 1961). Young (1959) re i 
the design of Primoff’s study a ria 
lows. Group S.P learned a н" 
list first and then a PA list der! up 
from it by Primoff’s method ; pens 
P-S learned the lists in reverse ^ om 
To assess the amount of transfer fr m- 
one task to the other, the peo 
апсез of these groups were сотр igg 
in serial learning and in PA Ep атп” 
The transfer from РА to serial s 
ing was considerable, while that ible- 
Serial to PA learning was negligi е 
Thus, when S learns associa o 
by the PA method, he seems & тис 
use these associations to reconst ns 
the serial list. However, if he Mele 
the serial task first, he has : 


advantage in then learning the 
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task. This result implies that the 
chaining hypothesis is not valid. 
And, at least for the lists used by 
Primoff and Young, an analysis of 
the serial task into simple S-R pairs 
is not warranted. 

Recent evidence by Horowitz 
(1961) suggests that the effective stim- 
ulus in serial learning may depend 
upon the interitem relationship within 
a list. In his study S's performance 
in serial learning was measured by the 
reconstruction method. After S ob- 
Served the items in a standard order, 
he received a packet of small cards 
Containing one item each. The S 
reordered these cards to match the 
Standard order of presentation, and 
his performance was scored in two 
ways. The ‘correct placement score" 
measured the number of items that S 
placed in correct serial position, and 
the P score measured the number of 
pairs of items that were placed cor- 
rectly relative to one another. If 
used serial position аз à stimulus in 
serial learning (and his P score im- 
proved thereby), an expected rela- 
tionship could be predicted between 
the two measures. This relationship 
was found when intralist similarity 
was high. But when intralist simi- 
larity was low, the P score was above 
that expected from the correct place- 
ment score, and S must have formed 
associations between adjacent items 
more often. 

_ These results sugg 
ing hypothesis may be уап 
serial learning if the serial items 
distinctive. Otherwise, two sources 


of interference тау prevent 5 from 
For one thing, 


s when the 


est that the chain- 
valid during 
are 


to form these 
items are highly St 
similar stimuli must 


responses, and considerable response 


competition can be expected (Osgood, 
nciple, back- 


1949). By the same pri 
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ward associations would also compete 
with the forward associations. (Mur- 
dock, 1958). Thus, to minimize these 
sources of interference, S would have 
to restructure the serial task, say, 
by learning each item as a response 
to its serial position or to a cluster of 
preceding items. In the Primoff and 
Young studies, the items to be learned 
were all CVC trigrams, three-letter 
words, or two-syllable adjectives. 
The interference among such items 
may have been too great for S to 
learn them by a simple chaining pro- 
cedure; and for this reason, positive 
transfer did not occur from serial to 
PA learning. 

Thus, the chaining hypothesis may 
still be valid if the items are suffi- 
ciently distinctive. If so, several con- 
sequences should follow. First, there 
should be positive transfer from the 
serial task to the PA task derived 
from it; likewise from the PA task 
to the serial task. Second, the tasks 
should be learned at similar rates. 
And third, similar distributions of 
errors should occur for both tasks. 
If these implications are disconfirmed, 
the effective stimulus of the serial 
task must embody additional features 
of the serial list. 

The present study was designed to 
test these implications when the inter- 
ference among items within a serial 
list varies. Four lists of words were 
prepared which varied in the rela- 
tionship among items. The interitem 
relationship was defined by the asso- 
ciative strength between words. 


METHOD 


Materials —Twenty-one words were se- 
lected from the Minnesota norms (Russell & 
Jenkins, 1954) of the Kent-Rosanoff Word 
Association Test. Each word occurred more 
than 10 times per million in the Thorndike- 
Lorge (1944) frequency count. The interitem 
associative strength, as defined by Deese 
(1959, 1961), was 38.4%. The words were so 
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selected that each word elicited some оле 
word of the list more strongly than it did any 
of the other words. These words weres 
BUTTER, CHEESE, YELLOW, RED, BLACK, W HITE, 
BEAUTIFUL, WOMAN, CHILD, BOY, ROUGH, 
STREET, LAMP, TABLE, CHAIR, HARD, SOFT, 
LIGHT, HOUSE, DARK, and WINDOW. | 
The words were arranged in three different 
orders to make Lists F (forward), В (back- 
ward), and R (remote). The above order was 
adopted as the standard order of presentation 
for List F. In this arrangement the mean 
forward associative strength between adjacent 
items was 15.1%, the maximum value possible 
for these words. The mean backward asso- 
ciative strength between adjacent items was 
8.1%. The remaining associative strength 
of the list (38.4%—15.1%—8.1%) approxi- 
mately equals the summed — associative 
strengths between a given item and non- 
adjacent items, averaged across the words. 
The order of the words in List B was the 
Teverse of that listed above, This particular 
arrangement was selected to test an assump- 
tion that has appeared in the recent literature 
explaining Why a serial list is easier to learn 
than the PA list derived from it. It has been 
assumed (e.g., Young, 1959) that i 


nterfering 
backward associations become established 
during PA learning but not during serial 
learning. In List B the 


ing. mean backward 
associative strength between adjacent items 


was 15.1% so strong backward associations 
must be present during both serial and PA 
learning. Hence, if this assumption is valid, 
S's performance in serial learning should more 
nearly equal that in PA learning for List B. 
The same words were arranged in a third 
order as follows to form List R: RED, Boy, 
T, BLACK, SOFT, LAMP, ROUGH, Woman, 
CHAIR, CHILD, TABLE, WHITE, HARD, CHEESE, 


LIGHT, BUTTER, BEAUTIFUL, HOUSE, YELLOW, 
WINDOW, and DARK. In this arr. 


angement the 
mean strength of the forward апа backward 
associations between adjacent items is 0, and 


all of the associative strength of the list is 
between nonadjacent items. 

A fourth list, List I (independen 
lained words that were not associates of one 
another (Deese, 1959). These words ap. 
peared in the following order: EDLE, TO- 
NIGHT, MOUNTAIN, AFRAID, BREAD, THIEF, 
FORGET, COLD, JUMP, WOOD, SCHOOL, MOUTH, 
CARPET, STOP, FAMILY, SALT, niG, TURTLE, 
BLOSSOM, RIDE, and LAKE, "They all occurred 
more than 10 times per million in the Thorn- 
dike-Lorge frequency count, and their inter- 


t), con- 


item associative strength is 0. 
Experimental procedure. —Each S was 
presented with a practice list first, The 
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practice list contained eight шуо 
adjectives to be learned by the serial anticipa б 
Чоп method to a criterion of one perfec 
trial. These items were: CUTTIN ney 
POLITE, AWKWARD, MORBID, IN SEGA 
and wEARY. Р eed 
After a brief rest, half of the Ss were place 
in Group S-P and the remaining Ss in COUP 
P-S. The Ss of Group S-P participated in : 
serial task and 24 hr. later in a РА | РА 
Those of Group P-S participated nue 
task first and 24 hr. later in the serial Tote 
Each group was further subdivided и ;ned 
subgroups, and a different list was ais 
to each. "Therefore, there were eight SE ad 
mental groups, and within cach STOMP у s 
two tasks.  Primoff's method was а | list. 
used to derive S's PA list from his $ po task 
Thus, there were 21 items in the serial t 
and 20 pairs of items in the PA task. CREE 
The serial list was presented on a Lalay sec. 
memory drum at a 2-sec. rate with 2 ted 
between items; the intertrial interval la pate 
6 sec. The S was instructed to QUE ЫЙ 
each word before it appeared on Die 
This procedure was repeated until 5 € 
anticipate all the items correctly. n е РА 
Еасһ Stimulus-response pair m ehem 
task was presented on a 5x8in. ш. 2 im 
These cards appeared behind a 4 ehe in. 
Cardboard screen with an aperture 4 A 5 he 
The aperture permitted Æ to expose ving 
Stimulus alone for 2 sec. and then, by Malone 
the index card, to expose the response ween 
for 2 sec, There was no delay het, the 
stimulus and response presentations, р вес. 
delay between pairs was approximately ately 
The intertrial interval lasted appro: ertet 
10sec. After all the items had been pres¢ 


i icinate the 76" 

Once, 5 was instructed to anticipate itor 

sponse during the 2-sec, stimulus De јав 
€ pairs were presented in randomize 


Ht 
Y ле repea te 
on each trial, and the procedure was гер! 


to a criterion of one perfect trial. ШШ 

: ubjects.—Kighty Ss, 10 in each (Although 
participated in the experiment. (А его 
5 Ss s failed to reach ere, 
PA earning, and 3 others failed to fd no 
for the second session, Of those who € List : 
reach Criterion, 1 had been assigned b: ess a 
and the other to List I.) These 5s we pay’ 
students enrolled in the introductory mad 
chology class ai Stanford Univers i in 
none of them had had previous ехрегіе! 
verbal learning experiments. 


on 


RESULTS рег 
я т 
Practice task. nan 


-The mean “oll 
Phe criterio! 


Of trials needed to reach 
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TABLE 1 
MEAN NUMBER Or TRIALS TO REACH 
Criterion 1х EACH. CONDITION 


Serial Learning PA Learning 


List 
| Group S-P | Group P-S | Group P-S | Group S-P 
Fl a2 | 21 | 96 | 72 
В| wg. | ge | He | 10.5 
RI g7 | 28 | 166 | 123 
L| so | 5.2 | 184 | TS 
I I 


On the practice task was computed 
for each of the eight groups. These 
means ranged from 3.8 to 5.5, and 
àn analysis of variance showed that 
they did not differ significantly 
(F < 1.00). Thus, the eight groups 
of Ss can be considered initially 
comparable. 

Acquisition.—Table 1 presents the 
mean number of trials needed to 


reach criterion on each learning task 


by Ss of each condition. An an- 
alysis of variance revealed signifi- 
cant differences between the two 


tasks, F (1, 72)= 129.04, $ <.001 and 
between the four lists, F (3, 12) 75.89. 
b < 01. Two different error terms 
Were used in this analysis since the 
experimental design contained com- 
parisons between 55 and within 58 
(Lindquist, 1953, PP- 281-284). For 
both error terms, however, af=72. 
The difference between the two tasks 
Was no greater for List F than for 
List B, and backward associations 
Seem to play a minor role in producing 
the difference between tasks. 

On the average the lists can be 
rank-ordered as follows in increasing 
difficulty: F, B, К, and 1. This order 
of difficulty held true of the first task, 
whether it was serial or PA learning. 
On the second task; though, the order 
of difficulty changed since the amount 
of transfer was greater for some 
conditions than for others. For this 
reason, S could learn List 1 by the PA 
method more efficiently if he learned 
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the serial task first and then trans- 
ferred to the PA task (a total of 8.9 
+7.5=16.4 trials); to learn the PA 
task directly required 18.4 trials. 

Thus, the order in which the tasks 
were presented interacted significantly 
with the nature of the task, 
Е (1, 72) = 61.90, р < .001; also, 
the nature of this interaction 
depended upon the particular list 
used, thereby producing a signifi- 
cant List X Task X Order interac- 
tion, F (3, 72) = 3.93, p < .05. No 
other main effect variable or inter- 
action was significant. 

Order as a variable, of course, is 
necessarily confounded with other 
variables. For example, the amount 
of forgetting that occurs between 
tasks may depend upon the task 
learned first. Also, S may "learn how 
to learn" more efficiently with one 
task than with the other. Hence, it 
is only in the most conservative, 
operational sense that the present 
authors discuss differences between 
orders and interactions with order. 
Clearly, though, the advantage that 
occurs in serial or PA learning as а 
second task (for whatever reason) 
depends upon the interitem relation- 
ship within the list. This point is 
elaborated below, where transfer scores 
are examined in detail. 

Transfer scores.—The serial scores 
achieved by Group P-S were con- 
verted to serial transfer scores, Tpa(S), 
and the PA scores achieved by Group 
S-P were converted to PA transfer 
scores, Ts(PA). A transfer score is 
defined as a measure of the amount, 
in percentage units, that an experi- 
mental S's score surpassed that of the 
average control S performing the 
same task on the same trial. Serial 
transfer scores were computed by the 
following formula: 


Sp 
Ta == 
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10 12 14 16-18 
TRIAL 


20 22 24 ?6 28 30 
© LIST R 


оп each tria] of learn 
Sp_s represents the num 
of a given serial list th 
P-S anticipated correctly 
ticular trial; Sg represent 


ber of items 
S in Group 
on a par- 


at 


(as defined in text) for Grou 
Ing with е, 
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p P-S and Group SP 


" ame 
rectly by Ss of Group P-S on thes 


trial with the same PA list. 


These 


number of items an 
by Ss of Group S-I 


ticip: 


5 the mean 


uale 
values were ( when S's score ed 
h 


ated correctly 


? on 


with the same seri 


PA transfer scores of Gr 
computed by the follow 


Ts(PA) = 


the same trial 
al list. 


roup: 
the mean score of the control gro 
They could 


and their m 


ives 
be positive or negat 


Ps_p — Ë 


Likewise, 
oup S-P were 
"ing formula: 


Se 


7-5 x 100, 


P-S 
Ps_p represents the number of items 
of a given PA list that 5 in Group 
S-P anticipated correctly on a par- 
ticular trial; and Pp 


-s represents the 
mean number of items anticipated cor- 


Performed or 


between learr 
lists w 


mi 
aximum value was li 
only by 


ted 


; core: 
the maximum possible 5 
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` srap: 7 
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Or each experimental list, showin’ t 
me 


= sc 
The distribution of these 
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was approximately normal, 
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n them for а Hi 
€ mean differences betwee 
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a 
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1-10. 


als; 
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TABLE 2 


ANALYSES Or E. 


RRORS MADE By EACH GROUP THROUGHOUT LEARNING 


Lists 
Errors F B R I 
п % n % п % n 95 
A. Serial Learning, Group S-P 
Within-list errors as | 36.09 | 128 | 3844 | 165] 28.06 | 206 39.84 
Adjacent backward 0 0.00 0 0.00 1 0.17 1 0.19 
Remote 4& | 3609 | 128 | 3844 | 164| 27.89 | 205) 39.65 
Forward 44 33.08 109 32.73 135| 22.96 196 | 37.91 
. Backward 4 3.01 19 5.71 29 4.93 9 1.74 
үс: L| ae 202 du | as ise | 306 5019 
"ailures S 84 | 63.1 2 .66 2 19 
doa to respond 183 333 588 7 
B. Serial Learning, Group P-S 
Within-list errors 10 | 30.30 | 28 | 22.58 25| 30.12 47| 20.89 
Adjacent backwar 0 0.00 2 1.61 1 1.20 0} 0.00 
emote 10 30.30 26 20.97 24| 28.92 47| 20.89 
Forward 9| 3727 | 23 | 1855 | 22| 2651 41| 18.22 
Backward 1 | 3.03 3| 242 2| 241 6| 2.67 
Ег еи о og | 7142 501 6000 | 178 m 
Pat 3 = 69. 42 А 7 $ 
йе to respond 2. 124 83 225 
C. PA Learning, Group P-S 
Wi hi m" 3 79.10 600 | 85.60 835| 77.03 901 | 66.15 
AV аскын 37 51.49 383 54.64 437 | 40.31 429| 31.50 
Sat 207 | 2256200217 | 3090 "| 308] 3673 | m 34.65 
Sea e Org 1| 025 5| 0.71 0| 000 4| 0.20 
Failures to respond gi | 20.65 | 96 | 13.60 | 249) 2297 | 457 | 33.55 
Ti T O 402 701 1,084 1,362 
a D. PA Learning, Group S-P 
— 
ithin-li А 85.58 426 93.01 468 | 71.45 194 | 81.17 
алые та 238 | бу | 282 | 61.57 | 233| 3557 | 42) 1757 
pnr E бо | 24.82 | 144 | 3144 | 235 35.88 152| 63.60 
КОКА Bra o | 000 5| 109 1| 0.15 1| 042 
Failures to respond Олло” э зор 1а, 2840 44| 1841 
Total р 278 458 655 239 


30 (df = 9/648), 


These Fs were 112. 
eS Wero. and32.11 (df — 3/12); 


14.09 (qf — 1/72), and 


Tespectively. The interaction be- 
tween lists and learning tasks was 
23.35, p ~.001, 


Significant, F (3, 72) = 25. 
and so was the interaction between 
lists and trials, F (27, 648) = 9.89, 


Ф « 001. Finally, the List X Trial 


X Task interaction was significant, 
F (27, 648) = 12.01, р < .001. No 
other sources of variation were sig- 
nificant. 

Figure 1 shows that positive trans- 
fer occurred for both learning tasks 
with all lists. For Lists F and B the 
amount of transfer on the serial task 
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about equaled that on the РА task. 
'The most striking differences, how- 
ever, occurred for List R and List I. 
The Tpa(S) scores of List R greatly 
exceeded the Ts(PA) scores, though 
this difference disappeared on later 
trials. For List I the Ts(PA) scores 
greatly exceeded the Tpa(S) scores. 

Analysis of errors.—Table 2 pre- 
sents the total number of errors made 
by each group throughout learning. 
These errors have been classified as 
“within-list errors," “extralist intru- 
sions," or "failures to respond." А 
within-list error is defined as an ap- 
propriate response produced at the 
wrong time; such errors were further 
sorted into "adjacent backward as- 
sociations” and “remote associa- 
tions.” Whenever Item 7 in serial 
learning elicited Item n — 1 instead 
of Item n + 1, this error was с; 
ап adjacent backw. 
the category was also used when an 
item in PA learning elicited its stim- 
ulus instead of its response. Remote 
associations of serial learning were 
further classified as “remote forward" 


or "remote backward” associations, 
Extralist intrusions were so 


for all lists that they 
discussed further. 

The outstanding error of serial 
learning was the failure to respond, 
Failures were proportion. 
frequent with every list during serial 
learning than during PA learning 
(all zs 27.47, p < .001). Ratios of 
the number of failures in PA learning 
to those in serial learning (Table 2, 
Sections А and C) were 0.99 for List 
F, 0.48 for List B, 0.59 for List R, 
and 1.49 for List |. The correspond- 
ing ratios of total errors, however, 
were 3.02, 2.11, 1.84, and 2.63. 

List R's percentage of failures in 
serial learning was particularly large, 
and this result probably accounts for 
its relatively small 


alled 
ard association ; 


rare 
Will not be 


ately more 


percentage of 
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remote errors. Except for List R, 
the lists induced still higher d 
centages of failures in the serial pe 
of Group P-S. The increase Ww 
statistically significant for List. 
(s = 3.85, р < .001) and for List E 
(в = 5.24, р < .001). Thus, опе Б: 
fect of the РА task on serial lear 6 
was to increase the percentage 
failures to respond. 

Backward associations hardly 
occurred during serial learning, 
backward remote errors were rrors 
rare. Only .08 of the remote epo 
to List F were backward —— to 
List B, .15; to List К, .18; anc о 
List 1, .04. Each of these propre 
differed significantly from ШО uh 
responding proportion of ше 
errors (all z's > 5.83, p 2.001). apt 
during serial learning S is ще 
to produce backward errors n 
cent or remote). This result ap 
that S monitors his mg ee 
rather than emit erroneous ond. 
ward” responses, he does not fes 
At least in this sense, preceding !! t 
of the serial list must сор ] 
the effective stimulus to whic 
responds. 


Я , эд learn 
l'he outstanding error of I F error 


hin-list 
p 


ever 
anc 
also 


errors were of this type; 
B, .64; with List R, .52; an 
List 1, 48 (Table 2, pisc si 
Backward errors were prop! Saat 

More frequent for Lists F ve Бе 
(s = 10.16, p < .001), probab strong 
cause adjacent items were fist e 
associates, Although within-l! ate? 
rors as а whole were proportio", -et 
More frequent to List R than iid 

1, the constituent errors WIES gel 
category were similarly proport! ask 
(P > 10). After the serial foy 
(Table 2, Section D) the prop? ped 
of backward errors in List 1 dr ai 
Strikingly (z = 4 35, p< 001), 
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the proportion of remote errors in- 
creased (s = 8.46, p < .001). What- 
ever produced this change must be 
due to the nature of the serial task 
for List 1. 

In the following analysis List F 
was the standard since its items are 
arranged optimally for the chaining 
hypothesis. The total number of 
errors on each list (Table 2, Section 
A) was divided by the total number 
of errors on List F. These ratios 
were 2.50 for List B, 3.89 for List I, 
and 4.42 for List R. If S learns a 
given list by the method he learns 
List F, his error pattern for that list 
Should resemble the error pattern 
of List F. That is, ratios of error 
frequencies for individual categories 
Should approximate the ratio com- 
puted for the total frequencies. For 
List B, these ratios were all nearly 
2.50, the ratio for total errors; they 
ranged from 2.40 (failures) to 2.67 
(remote). (Categories were ignored 
if they contained 10 errors or less. 
Fhe ratios for List 1 ranged from 3.64 
(failures) to 4.45 (forward remote). 
For List R they were especially vari- 
able, ranging from 3.07 (forward 
Temote) to 4.99 (failures). Thus, 
Ast R's error pattern deviates most 
from List F's, and the chaining hypo- 
thesis seems least valid for it. 

A similar analysis was performed 
9n the PA errors (Table 2, Section C). 
The ratio of total errors 
List F was 1.74 for List B, 
List R, and 3.39 for List L. 
Individual error categories O L 
the ratios ranged from 1.16 (failures) 
to 1.95 (remote). For List R they 
ranged from 2.11 (adjacent backward) 
to 3.59 (remote). For List ! they 
ranged from 2.07 (adjacent back- 
Ward) to 5.51 (failures). Thus, when 

has to learn associations between 
two words (PA learning), his error 
Pattern on List R more nearly con- 
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forms to his pattern on Lists F and 
B. In serial learning, though, he 
does not have to learn such associa- 
tions and his error pattern is more 
deviant. 

Finally, the data were examined 
to learn which error categories were 
most affected by the transfer between 
tasks. Differences were computed 
between corresponding entries of Sec- 
tions A and B, and each difference 
was expressed as a fraction of the 
entry in Section A. These ‘“propor- 
tionate decreases" for total errors 
were; .86 for List R, 75 for List F, 
.63 for List B, and .56 for List I. For 
individual error categories of List R, 
they were uniformly high, ranging 
from .84 (forward remote) to .93 
(backward remote). List I’s decrease 
in forward remote errors was .19, 
but its decrease in failures was 
significantly smaller, .42 (2 = 8.44, 
p < .001). Thus, the PA task re- 
duced forward remote errors for List 
] but preserved the failures to respond. 

Similar measures were computed 
from Sections C and D. The pro- 
portionate decreases in total errors 
were: .31 for List F, .35 for List B, 
‚40 for List К, and .82 for List l. 
These figures largely reflect the de- 
creases in adjacent backward errors: 
.18 for List F, .26 for List B, .47 for 
List R, and .90 for List I. The cor- 
responding decreases in remote errors 
were .38, .34, -41, and .68; those in 
failures to respond were 52, ,T2, .28, 
and .90. Thus, List | benefitted 
from the serial task in several ways, 
but least of all (s Z 8.15, p « .001) 
in remote errors. This result implies 
that remote associations in List I 
played a significant role during serial 
learning, а point that is further 
examined below. 

DISCUSSION 

These results suggest that the conclu- 

sion drawn by Primoff (1938) and Young 
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(1959) is of limited generality. Their 
result has been replicated with List R, 
which contained internal interference. 
In such lists the transfer from serial to 
PA learning seems to be reliably less than 
that from РА to serial learning. Thus, 
S can transfer to the serial task associa- 
tions that he learned by the PA method ; 
but when he learns the serial task first, 
his advantage in PA learning is less 
marked. 

When adjacent items vere deliberately 
selected to be Strong associates (Lists 
F and B), the amount of transfer from 
serial to PA learning about equaled that 
from PA to serial learning. In the serial 
task of these lists, the effective stimulus 
for an item may plausibly be the single 
preceding item. 

There was only one major difference 
between Lists F and B throughout the 
present study: List F was uniformly 
easier. This result has an implication 
about the role of backward associations 
in PA learning. To Say that backward 
associations are formed during PA learn- 
ing accurately describes the problem, 
but on two counts it fails to explain the 
difference between serial and PA learn- 
ing. First, the difference between tasks 

Was no greater for List F than for List 
B, even though both tasks with List B 
contained strong backward associations, 
Second, if backward associations are 
formed during PA learning, the per- 
centage of backward errors should be 
particularly large for List B. Table 2, 
however, shows that Lists F and B did 
not differ in this respect. 

When internal interference Was mini- 
mized (List I), S did seem 
associations between j 
items since his PA performance Was so 
facilitated. However, three results 
gest that even for List I, the Chaining 
hypothesis is oversimplified, First, the 
PA task required about twice as many 
trials as the serial task. Second, 
amount of transfer for Group P-S Was 
somewhat less than that of Group S-P, 
And third, remote errors Persisted so 
in Group S-P's PA learning, 

To account for these results, 

ent authors propose the folloy 
pothesis. 


serial 


sug- 


the pres- 
: ; ving hy- 
When a serial list is relatively 
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free of internal interference (List I) or 
when the internal associations are p 
ganized (Lists F and B), the effective 
stimulus is not a single item preceding 
the response, but a cluster of precedi 
items. In the serial list A-B-C-D-E, He. 
example, the cluster of items BCD ane 
serve as the effective stimulus for id 
Sponse E. (A cluster of any size hoc. 
do, and the size of such clusters po 
even vary throughout the list.) АЕ. 
element of the cluster would реи 
associated with the response, and be 
nearer the element to the response, и 
greater the associative strength e 
Geoch, 1936). Thus, Response E S NR 
be more strongly associated with D Ld 
vith C; but, assuming that such a 
tive Strengths summate, the ern 5 
cluster BCD would elicit Ren 
more strongly than would any 0 уау, 
individual items. And in this it 
Temote associations play an impo ow- 
role in the serial task. (In List E 
ever, D so strongly elicits E tha veen ` 
association between В and E or bety 


ant 


1 olatively 
and E would contribute rela 
little to the total associative str 


between the cluster and the response 
The elements within the cluster 
Would also become associated ports 
another during serial learning. E a re- 
D, for example, would have P an 
SPOnse to the earlier cluster AB both 
Would therefore be associated with | un- 
Band C. The senior author ha the 
published data on PA tasks where nts. 
stimuli were each clusters of elem - 
When the elements of a cH ME i- 
interassociated, performance was > ви 
td. This facilitation may be eri- 
ficiently great to account for the Н, 
ority of serial learning over PA Je ially 
hus, when S learns List I pur 2 
the cluster BCD elicits the respon? 


опе 


SE D ОШО 
аз а Consequence, D RUOLI le item: 
Strongly than any other sing 550" 


iai, then asked to learn paired y be 
ates like D.E, this PA task wou nc 
facilitated, However, if S learned ion 
^. task first, only the D-E a 
Would have been formed. То lear! pm 
Ist serially, he would still have pot 
ürther associations before the e he 
could elicit the response, Thus 
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transfer from serial to PA learning would 
exceed that from PA to serial learning. 
With List F, on the other hand, the 
associative strength between D and E 
approximately equals the strength be- 
tween the cluster and E, and the transfer 
Would be about equal in both directions. 
This analysis has a further implication. 
S were responding to the stimulus 
cluster BCD, he would not produce any 
of its elements as a response, and back- 
Ward errors would be minimized. Thus, 
this analysis could account for all the 
major results of the present study—the 
relative speed of serial learning, the 
absence of backward errors in serial 
learning, and the difference between the 
two directions of transfer. 
Young (1962, Exp. 11) has presented 
ata which seem to disconfirm this 
hypothesis. After S mastered a serial 
list of adjectives, РА items were pre- 
Sented. These items were composed of 
three consecutive items of the serial 
list, Items n — 2,5—1, and n. Items 
n — 2 and n — 1 were presented simul- 
taneously as a stimulus cluster, and 
tem ж was the response. Control pairs 
Were also included in the task, and S's 
Performance on the experimental pairs 
Was hindered. А 
However, this evidence does not dis- 
Confirm the proposed hypothesis for 
ree reasons: (а) In an earlier experi- 
ment of the same study (Exp. I), Young 
examined the transfer from the serial 
task to Primoff’s PA task. The transfer 
Was negligible, and Young's list thus 
Seems to resemble List R of the present 
Study, The proposed hypothesis, how- 
Sver, only concerns Lists F, B, and I. 
(b) The associative relationship among 
*Oung’s items is not known, and their 
Interna] association. may resemble that 
9f List R. (c) Because of Young's pro- 
cedure, Exp. II does not directly test 
the hypothesis that à cluster of items 
15 the effective serial stimulus. The two 
items of his stimulus clusters appeared 
Simultaneously and thus failed to capture 
* temporal nature of a serial task. 
The present writers feel that for a more 
ments of each cluster 


1гесё test, the ele А 
ould appear singly as they do during 
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the serial task. Then S could not 
instruct himself to ignore Item п — 1 
during the PA task, as he could with 
Young's procedure. 
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REPETITION FACTORS IN ONE-TRIAL LEARNING 
OF PAIRED ASSOCIATES? 


JAMES Н. REYNOLDS? 


Syracuse University 


A 1-trial paired-associate task was used in a P-T1-T2 design to test 4 
hypotheses inferred from current research on 1-trial learning and 


immediate memor: 
indicating (a) that a correct associ: 
following presentation of sim 
this immediate association is 
that (c) covert repetition an 
tions lengthen their recall 
analysis of the effect of list 
that the formation of a res 
tion, facilitates recall of a 
Presentation, 


A strict all-or-none interpretation 
of the one-trial learning hypothesis 
assumes that repetition of material 
to be learned contributes to the ac- 
quisition process only insofar as it 
permits repeated opportunity for the 
one trial in which learning actually 
Occurs to take place. Continued 
repetition beyond this crucial single 
trial, whether overt or covert, should 
play no further role in the learning 
process. However, the results of 
several recent studies on one-trial 
verbal learning have given evidence 
contrary to this all-or-none interpre- 
tation. Rock (1957) and Rock and 
Heimer (1959) have concluded that 
although initial learning takes place 
on a single trial, repetition Subsequent 
to the single acquisition trial strength- 
ens the association that has been ac- 
quired, making the association more 
resistant to forgetting. Estes, Hop- 
kins, and Crothers (1960) have reached 
a similar conclusion, apparently quali- 


1This paper is based on a dissertation 
submitted to the Graduate School of Syracuse 
University in partial fulfillment of the re- 
quirements for the PhD degree. The author 
is indebted to W. К. McAllister for his many 
helpful suggestions and guidance during the 
course of the study. 

? Now at the University of Pittsburgh. 


y. The results confirmed the 1st 2 hypotheses tested, 
ation is always available immediately 
ple paired-associate materials, and (b) that 
weak and decays rapidly. The hypotheses 
d (d) overt repetition of immediate associa- 

availability were partially confirmed. An 
position upon response availability indicated 
ponse set, as well as covert and overt repeti- 
ssociations that are formed during a single 


*H n 
fying Estes' (1960) earlier даша 
that repetition following original e 
ing has no effect upon the нта 
of the single-trial association. 

hese restrictions on the one- al- 
learning concept suggest that iA 
though acquisition may indeed oft 
On a single trial in the sense that M at 
is learned becomes observable n. 
Once, the total process of lear 


trial 


i ]ter- 
1S not an all-or-none affair. bert 
natively, the experimental their 


reported by Rock and Estes and 
associates are consistent with inv 
gations of immediate memory rson 
cently made by Peterson and Pete ill- 
(1959) and Peterson, Saltzma™ ер 
ner, and Land (1962). These тор" 
Studies have indicated that the Ping 
ability of recall immediately me б 
à presentation is close to 1.0, tha та 
Short-term retention diminishes ": 
idly in time, but that repetition 
this interval facilitates later imp 
aken together, their results ега 
that the recent evidence for d t 
verbal learning may depend up еб 
actors; the occurrence of a mo т^ 
tary after-sensation that follows 1 о 
ulus Presentation, and the exta uring 
which repetition takes place 
the short-term retention perioc- 


esti- 


recall. 
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REPETITION FACTORS IN ONE-TRIAL LEARNING 


The following four hypotheses, 
based upon the above implication, 
Were tested in a paired-associate de- 
sign that has previously been used in 
one-trial learning experimentation: 
(2) immediately following presenta- 
tion of an S-R pair the probability 
of recall is 1.0 for that pair; (b) a rest 
interval following presentation of an 
SR pair permits covert repetition 
during the short-term retention period, 
having the effect of lengthening the 
time the immediate association is 
retained; (c) single-trial associations 
made during presentation of a series 
of paired associates are weak, and 
decay rapidly with time when op- 
Portunity for repetition is minimal; 
and (d) overt repetition of associa- 
tions that are formed on а single trial 
lengthen the time in which they 
remain available. 


METHOD 


Subjects —A total of 120 undergraduate 
College students, 66 men and 54 women 
enrolled in an introductory psychology course, 
Participated in the study as part of a course 


]s.—Using а paired- 
associate task, variations of the Presentation- 
(P-T1-T2) paradigm 
re administere 

theses. 


Or the P trial a Patterson memory drum, 
Odel S-1, was used to presen 


were the same. 
also used to present the 
alone during T1 and 1 
Different list orders for the P trial 
3nd both T trials were preselected on a ran- 
9m basis, and these fixed orders were use 
is all groups. The rest intervals between 
“arning and test trials were timed with a 


Stop watch. Bes 

i A questionnaire was administered as an 

hterpolated task to all groups during the rest 

регіо4. The questionnaire, assumed to be of 

d interference value, required Ss to judge 
© ambiguity of a series of sentences concern- 
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ing educational objectives, and to write a 
short essay expressing personal opinions about 
these objectives. Another interpolated task 
was a word list used for a word association 
test, administered to one of the groups as a 
substitute for the T1 trial. This list contained 
the following eight words: BRAVE, WISH, SHY, 
BRIGHT, HAPPY, MOTHER, RUSH, WATCH. 

Design and procedure.—Men and women 
Ss were assigned randomly to one of the four 
groups as they appeared for the experiment. 
An Immediate Memory group (Group IM), 
consisting of 13 women and 15 men, was 
presented with the P and T1 materials in an 
order designed to test the first hypothesis. 
Each S was presented with an S-R pair for 
4 sec., followed by а 4-sec. rest interval; 
then the stimulus member alone for that pair 
was presented for 4 sec., followed by another 
4-sec. rest interval during which 5 was 
required to give the response member ver- 
bally if possible. This sequence was repeated 
until all eight pairs had been presented and 
immediately tested. Following this combined 
P-T1 period, S began а 5-min. interpolated 
rest period in which the questionnaire was 
administered to prevent rehearsal After the 
rest period the T2 trial was presented, in 
which stimulus elements alone were shown on 
the drum for 4 sec. each, interspersed with 
4-sec. rest intervals during which S was re- 
quired to give the response member verbally 
if it could be recalled. 

Three other groups, one consisting of two 
subgroups, received varied opportunities for 
either covert repetition (Co) or overt repeti- 
tion (Ov) of the original list of pairs presented 
during the P trial. These groups were used 
to test the remaining three hypotheses. 

A Co-Ov group, 13 women and 15 men, 
was given the P trial, followed by T1, the 
questionnaire, and the T2 trial, an order 
identical to that used by Estes (1960). For 
this group, 4-sec. interpair rest intervals 
during the P trial permitted time for covert 
repetition of the pairs presented. A 30-sec. 
interval following the P trial was used to give 
instructions for Ti. The T1 trial, during 
which S recalled aloud the response members, 
provided opportunity for overt repetition of 
the material learned. The questionnaire 

iod and T2 trial that followed were 
identical to those used for Group IM. 

Group N-Ov, consisting of 13 women and 
15 men, was exposed to the same procedural 
order as Group Co-Ov. The T1 trial per- 
mitted opportunity for overt repetition of 
pairs recalled from the P trial. However, 
opportunity for covert repetition during the 
P trial was limited by the omission of the 
4-sec. interpair rest intervals. According to 
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the second hypothesis, this limitation should 
have a negative effect upon recall during 
2. 
P pe c сы Co-N and Co-WA, covert 
repetition was possible during the P trial, in 
which 4-sec. rest intervals occurred between 
Presentations of the number-letter Pairs, 
However, the T1 trial was eliminated for 
both subgroups to Prevent overt repetition, 
Subgroup Co-N, consisting of 7 women and 
10 men, received a P trial identical to that of 
Group Со-Оу. 


task was a control for the Tj 
tered to the Со-О 
Co-WA Ss the Same attention and Tesponse 
conditions as Group Co-Ov at the time of ТІ 
(i.e., looking at the drum, responding verbally 
to the drum stimuli), but offering 


portunity for Overt repetition of the associa- 
tions made during the P tri Д 


Performance of 
urth hypothesis 


test trials of subgroups with the T2 
ance of the Со-Оу g 


the Co-Ov group, and the fo, 


System did you use to lear, 
they were first shown to 


method. 


Instructions.—To avoid awareness that T3 
would follow the interpolated task, all Ss 
were told that they would Participate in two 
experiments, the first a brief verbal learning 
task and the second a Polling of Opinion 
concerning educational Objectives. All Ss 
were then told that in the first experiment a 
series of number-letter pairs would appear in 
the memory drum window, and their task was 
to learn the number and the letter that was 
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in 
paired with it. Group IM 55 were er 
addition that between cach pair денин ы 
number of ату опе of the pairs ec deem and 
previously would appear in the win ed tho 
that whenever just a number VUE been 
Were to say aloud the letter that а t any 
Paired with it. The instruction tha given 
Previous number might appear was learn 
to insure that the IM Ss would try sponse 
each pair rather than just the pes was 
member, which was zly al tha 
necessary for their T1 task. : he 
In the 30 sec. following the P ees 
groups were given varying ins hat they 
Groups Co-Ov and N-Ov were told s pairs 
would next see just the numbers to say 
in the window and their task would S ith the 
aloud the letter that had been paired “Солу, 
number shown, Тһе Ss in Toup appear 
were told that a series of words wou nd they 
in the drum window one at a time, hey asso- 
were to say aloud the first word à The 55 
ciated with each word as it арке ns about 
in Group Co-N were given instructior 
filling in the q uestionnaire. oc 
Alter Se finished Т1 (or the е to 
tion task for Group Co-WA), they y secon! 
they would next participate in HS n i 
experiment. The questionnaire acted to 
scribed to them, and they were Vene wa: 
egin Working, seated at a table t a right 
Placed beside the memory drum а perio 
angle to it. At the end of the S ro 
# min. for Group Co-N), they w to face 
to stop working on the a s а the 
© memory drum again, and ios number? 
letters that had been paired with the ts, they 
they were about to see. On all SE sure 
Were instructed to guess if they were В 
of the correct answer. he exper 
efore being dismissed from th student? 
tha Ss were asked not to tell other 


had just com: 
the nature of the tasks they ha 
Dleted, 


ja- 


RESULTS 


Table 1 Presents the mean л 
of COrrect responses and the sta 
Sviation for each group ов. 

ince preliminary ¢ tests m 
differences within each M A 1 
Aber of correct responses 
T2 yielded ансап valnes е 
results for both men and vomer e 
Pooled, ^A t test of the differenc oN 
tween the means of Subgroups trial 
and Co-WA on their single tes 2.02 
Was Significant, t (34) =2.58, Р 


треї 
dar 
and 
of 5% 
ean 
nd 
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TABLE 1 


MEANS AND SDs or Correct RESPONSES 
FOR EaAcH Group on Test 1 AND TEST 2 


Group 


IM_ | Co-Ov| N-Ov 


Test 1 | Mean | 7.57 | 257 | 186 | — | — 
SD i84 | 1:32 | 1:39 | = — 
Test 2| Mean | 2.75 | 2.57 | 143 | 1.17 | 216 
SD 1.86 | 1.57 | 114 | 1.01 | 126 


indicating that they should be treated 
Separately. 

Although distributions of the num- 
er of correct responses were some- 
What skewed, they were similar in 
Shape among all of the groups, and 
differences in variance among the 
groups were within the .05 limits of 
Chance, Consequently, ¢ tests rather 
than nonparametric tests were used 
її making the comparisons necessary 
to test the hypotheses (Anderson, 
1961; Boneau, 1960). The resulting 
t ratios are presented in Table 2. 

Hypothesis a.—Group IM recall on 
the test trial given 4 sec. after initial 
Presentation was 94%. ‘Twenty-one 
Of the 28 Ss responded correctly to all 
Sight stimuli, and only 1 5 missed as 
Many as three. With a few excep- 
tions, probably attributable to mo- 
Mentary inattention or to the 4-sec. 
арзе between P and T1, the results 
Support the hypothesis that recall 


TABLE 2 


! VALUES OBTAINED FROM COM 
Group MEANS TESTING HYPOTHESES 


PARISONS OF 


b, c, AND d 
Нур, 
тан 
Tested” Groups Compared df t 
i -N-Ov (T1) | 54 | 1977 
Се-Оу (Т}-М-Оу (T2. 54 | 3.11" 
e -Ov (T1)-Co-N 43| 4.02 
Eoy -60лУА 45 | 1.08 
* 
е Co-Ov (Т2)-Со-№ 5 more 


Co-Ov (T2)-Co-WA 
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probability immediately following a 
single presentation is 1.0. 

Hypothesis b.—The hypothesis that 
interpair rest intervals during the P 
trial lengthens the time that the 
association is retained because of in- 
creased opportunity for covert repeti- 
tion was tested by comparing Group 
Co-Ov recall with that of Group N- 
Ov. The significant mean differences 
between these groups in both T1 and 
T2, as shown in Table 2, were in the 
direction predicted; i.e., the 4-sec. 
interpair interval received by Group 
Co-Ov facilitated recall of associations 
that were made during a single pres- 
entation. Of those Ss asked, the 
majority in both the Co-Ov and the 
N-Ov groups reported rehearsal as 
either their only or their major method 
of learning, and some Ss in both 
groups complained that after the 
first few pairs they were unable to 
rehearse all of the list between pair 
presentations. While not conclusive, 
these reports suggest that the sig- 
nificant differences between the groups 
were due, at least in part, to the 
difference in amount of covert repe- 
tition that was permitted to take 
place during the P trial. 

Hypothesis c.—The hypothesis that 
single-trial associations are weak and 
subject to rapid decay was tested 
by comparing the results of the T1 
given to Group Co-Ov immediately 
after the P trial with the final and 
only test given to Subgroups Co-N 
and Co-WA, which came after a 
longer interval. The difference in 
mean number of correct responses 
between Group Co-Ov (T1) and Sub- 
group Co-N is significant beyond the 
.05 level in the predicted direction. 
As shown in Table 2, however, the 
difference in the means between 
Group Co-Ov (T1) and Subgroup 
Co-WA falls short of the .05 level of 
significance. Thus the third hy- 
pothesis was only partially confirmed. 


8 


Proportion Correct 


1.3 4-6 7.8 
S-R Blocks 
Proportion Correct on fina] test 


Pairs 
eginning, middle, and end 


Hypothesis d.—According 
fourth hypothesis, the recall of 


Subgroup Co-N is gi 


limits, however, demonstra; 


the unexpected effect of the WA 
in facilitating the 


further 
tect of the WA task, 
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mean proportions of Groups n 
Co-Ov, and Co-WA in the Me d 
list positions. However, E 
contingency tables testing differe: ore 
in the number of Ss giving one ог m 
Correct responses revealed that A. d 
tion differences between Co-WA i, 
both the IM and Co-Ov groups idle 
significant for items in tie 58 16, 
list position (for df = i, = Мо 
9.85, p < .05, -01, respectively). M 
Significant differences among t n the 
groups were found for -——— 
beginning or end positions. A treat 
the IM, Co-Ov, and Co-WA tiom 
ments all facilitated overall ws ef 
they apparently had dite list 
fects upon recall of the mi 

items, 


Discussion 


sec. 
The 94% recall of Group e 
following à single presentation x ill- 
the finding of Peterson, Sue 7 
ner, and Land (1962) that em. a- 
ability immediately following p nd his 
tion is close to 1.0. Peterson nearly 
associates also showed that we over 
~~. Probability decreases rap! pois 
Periods as Short as 16 sec., vd low 
tunity for rehearsal is minimal. Ov anc 
recall proportions of the ker indi- 
-Ov groups in the present study H 


over 
the Superiority of Group се the 
Тоир N-Ov on T1 suggests t recall 
rapidity of the decrement esenta 
availability following a single Pen Ў 
Чоп is Significantly changed w durin 
portunity for covert реда : 
the high Probability period ea иро? 
his effect ОЁ covert repetition which 
Tetention during the T1 йир, las 
Occurred at least 30 sec. after t n ап 
trial, is an extension of d either 
eterson’s (1959) finding that ваб? 
Overt Covert repetition iation 
retention of Short-term associa 
to periods of 18 sec. mance? 
Отрагіѕопѕ of the T2 v а 
of the Co-Ov, Co-N, and :N-Ov атопё 
offer evidence of relationships 
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Covert and overt repetition, and the 
time in which each takes place, that 
affect long-term retention of single-trial 
associations in ways not demonstrated 
Previously. In an investigation of one- 
trial learning, Lockhead (1961) has 
Teported evidence that opportunity for 
rehearsal immediately following a pres- 
entation raises recall probability at a 
later time, This finding agrees with the 
YPothesis that evidence for one-trial 
„arning depends upon repetition of 
Immediate memory associations. How- 
ever, the equivalent T2 recall of the Co- 
and N-Ov groups indicates that op- 
Portunity for immediate rehearsal, if 
aken alone, is no more effective in 
„acilitating longer term retention than 
18 overt repetition at a time when im- 
mediate memory associations have pre- 
sumably disappeared. Alternatively the 
IM and Co-Ov groups, each receiving 
©Pportunity for both covert and overt 
Тере Чоп but at varying times, showed 
Consistently greater retention than either 
9-N or N-Ov. Apparently the optimal 
Condition for retention of short-term 
associations formed on a single trial is 
Опе which permits overt repetition as 
Vell as immediate covert repetition. 
he varying recall performances of the 
» Co-Ov, and Co-WA groups imply 
that Overt repetition following immedi- 
€ covert repetition makes a dual 
Contribution to raising recall availability 
a later time. The facilitating effect 
Pf the WA task upon retention, which 
bears some similarity to increased reten- 
tion effects found in studies of warm up 
(Adams, 1961), suggests that the con- 
tribution of overt repetition to increasing 
recall availability is simply the estab- 
'Shment of a response set. But the 
“lgnificant T2 recall differences between 
9-WA and both the IM and the Co-Ov 
8toups in the middle list position indicate 
that actual overt repetition facilitated 
®tention of certain items, traditionally 
Considered the most difficult to learn, 
Ose recall availability was not in- 
sTeased by response practice alone. The 
“plication js that overt repetition has 
Strengthening effect upon existing as- 
Sociations as well as offering response 


practice, although the strengthening 
effect is difficult to observe because of 
the major contribution that response 
practice makes to recall facilitation. 

Taken together, the data imply that 
immediate memory associations are al- 
most invariably present following a 
single presentation of simple learning 
materials, and that the combination of 
several factors occurring during or soon 
after this short-term retention period 
contributes to the recall availability of 
the immediate associations at a later 
time. These findings support a conclu- 
sion that immediate memory and the 
reported evidence for one-trial learning 
are not independent phenomena but 
temporal segments of a continuous 
associative process. 
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directly, betwee: 


nificantly more words of exhaustive 


Miller (1956b) presented the hy- 
pothesis that large am 


he tentatively identi- 
fies the chunk as а “new name” 
(p. 93) fora group of input j 


categories were presen 
free recall. Half the c 
termed nonexhaustive (N 

the words only Partially exha 
the pool of words belonging to each 
category. For example, рос, LION, 
HORSE, and BEAR are members of д 


usted 
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The author is indebted to Peter A, Hut who 
assisted in the collection and analysis of the 
data of Exp. II. 


research 


» derived 


from word association norms, dis- 
; 
ween the 2 category types and was 


The results were inter- 


ni- 

category which may be labeled ere 
mals. However, these four dis from 
Tepresent only a small sample | 
à large pool of animal пашет were 
Other half of the categorie? "y, 
termed exhaustive (E) pow 
Words exhausted or nearly OR А 
the entire pool of words belote 
the category. For epa 
Words NORTH, SOUTH, EAST, ап tegor 
are the only members of "я 41 Points 
Which may be termed Cardina 
of the Compass. orte 

Four experiments will be wes pre 
here. In Exp. I, the words we wrot 
Sented to groups of Ss -^ Ехр: 
the words they could recall. to indi- 

I, the words were presented rather 
vidual Ss and recall was oral wer 
than written. For Exp. HI, | еа© 
tested in a group situation odis 
S exposed his own list and ran sure 
tion by use of individual e*P ose 
devices, The Ss in Exp. IV ех the 
the words of the lists by men wer? 
individua] exposure devices b tego 
asked to recall the names ji the 
labels) for the groups of na 
list. “Ip addition to these re ob 
Ments, word associations ne 
tained to the words of both lists: 
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RECODING IN FREE RECALL 


METHOD 


Two lists of 70 words each were con- 
Structed. Each list comprised 10 E and 10 
NE categories of words. For each type of 
Category there were 5 categories of 4 words 
and 5 categories of 3 words each. An attempt 
Was made to equate intercategory and inter- 
list word frequencies as determined from the 
Thorndike-Lorge (1944) G counts. Since the 
number of E categories comprising 3 and 4 
Words was quite small, a severe restriction 
Was placed on the selection of the E categories 
and their frequency matched NE counter- 
Parts. Given this restriction, the 20 categories 
comprising each list were selected to minimize 
апу obvious intercategory associations. 

The NE categories and words were selected 
тот a set of norms collected by Cohen, 
Bousfield, and Whitmarsh (1957). The E 
Categories and words were chosen from a set 
Which the author has accumulated. For the 

E categories, the total pool of words for 
each category may be estimated from the 
Cohen, Bousfield, and Whitmarsh norms. 
Since these norms contain à number of 
irrelevant responses, a count was made of 
Only those responses which were members of 

€ category. The ratio of the three or four 
Selected words to this total count was com- 
Puted for each of the 20 NE categories. The 
Mean ratio of exhaustiveness was .060 and 
the range was .032 to .098. While no claim 
©ап be made that all the E categories were 
Completely exhaustive, the mean ratio of 
exhaustiveness is probably as high as one can 
achieve for these categories. Thus, the 

ifference in the mean ratio of exhaustiveness 
for the E and NE categories of each list p 
Probably close to the maximum pem Ls be 


attained with 20 category lists. 4 
fach list, along with their Thorndike-Lorge 


Tequencies are shown in Table 1. These two 
ists were used in all four experiments. To 
Teduce cues which would favor the recall of 
Опе word or category Over another, the lists 
Were systematically randomized so that no 
Word of a category ever followed a word from 


€ same category. Е 
Experiment I.—Yhe words were typed in 
Capital letters on Radio-Mats which were 


made into 2 X 2 in. slides. The slides were 
Projected with a Kodak Cavalcade projector, 
Model 540. Ап automatic timing cycle 


Proje dfor 3 sec. An additional 
сава hange from one slide 


domizations of each 
were given blank 
h to write their recall. 
dergraduate students 
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at Lafayette College were randomly assigned 
to each of the three randomizations for each 
of the two lists. The groups varied in size 
from 18 to 40 Ss. АП told, 93 Ss were 
presented with List 1 and 83 Ss with List 2. 

Experiment II.—The words were presented 
in exactly the same fashion as for Exp. I and 
the same three randomizations of each list 
were used. The Ss were 48 male under- 
graduate students at Lafayette College who 
were randomly assigned to each of the two 
lists with the restriction that 8 Ss receive 
each of the three randomizations of a list. 
The Ss were tested individually in a moder- 
ately sound-proofed room. They were in- 
structed to use an oral recall and were given 
to understand that E would write down their 
recall. A tape recorder was hidden in a 
closet of the testing room and a microphone 
was hidden behind a large speaker in the 
room. Just before the last words of the list 
were projected, E surreptitiously activated a 
mercury switch which turned on the tape 
recorder. In cases where the initial burst of 
recalled words was too fast to be accurately 
recorded by E, the tape playback was utilized 
to obtain the recall. 

Experiment III.—The Ss were tested in a 
group situation but each S was provided with 
an individual, manually operated, exposure 
device constructed from a small cardborad 
box. The words, typed triple spaced on 
adding machine tape, were exposed in a slot 
cut in the top of the box by turning a wooden 
dowel. The initial portion of all tapes con- 
tained a code number indicating the list and 
randomization number of the tape. А series 
of 10, three-digit numbers was used to 
provide practice in turning the dowel in a 
smooth and consistent fashion. The end of 
the practice list was indicated by a series of 
asterisks. A series of the numerals 1, 2, and 3 
served as a warning device preceding the first 
word of the list proper. A 400-cps tone of 
approximately 200 msec. duration was re- 
corded at 3-sec. intervals on tape. The Ss 
practiced exposing the three-digit numbers in 
time with this recorded signal. They were 
then instructed to turn the dowel until the 
series of 3's appeared in the exposure slot. 
At this point, the specific instructions for the 
experiment were given. The tape recorder 
was then turned on and Ss proceeded to 
expose the words of the list in time with the 
recorded signal. 

The Ss comprised two groups of male 
undergraduate students at Lafayette College. 
Each group contained 44 Ss. Since both lists 
were used simultaneously, the exposure de- 
vices were distributed so that alternately 
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TABLE 1 
Worp Lists USED IN THE EXPERIMENTS 
List 1 List 2 
Exhaustive Nonexhaustive Exhaustive Nonexhaustive 
Word f Word f Word f Word f 
eee 
ARMY AA COTTON AA | SOLDIER AA RAIN AA 
NAVY 49 LINEN 47 | SAILOR A SNOW d 
MARINE 17| SATIN 15 | MARINE 17 FOG E 
ANIMAL AA CHAIR АА | BREAKFAST A HAT AA 
VEGETABLE A DESK А | DINNER AA COAT a 
MINERAL 38 COUCH 28 | LUNCH 39 SHIRT к. 
KNIFE A ROSE AA | CIGARETTE 22 TRUCK 7 
FORK 31 VIOLET 34 | CIGAR 16 TAXI A 
SPOON 33 DAISY 38 | PIPE A PLANE E 
LII "A SS 
BLONDE 17 TREASON 15 | CAUCASIAN 1 ONYX 0 
BRUNETTE 2 BURGLARY 1| ORIENTAL 14 RUBY 48 
REDHE — E E 
IEAD LARCENY 1| NEGRO 47 PEARL Вее, 
MASCULINE 8 VIOLIN 11 | уот 2 WALTZ 8 
FEMININE 8 FLUTE 9 | AMPERE — TANGO = 
NEUTER x D 
1 SAXOPHONE 1|онм — POLKA pee 
FRESHMAN 3 SARDINE 2 | cocaiN 1 ASPEN i 
SOPHOMORE 3 MINNOW 3 | HEROIN — SEQUOIA т, 
JUNIOR 31| PERCH 23 | MORPHINE 1 HEMLOCK 6 
SENIOR 10 SALMON 14 | орум 7 CYPRESS “= 
mM ——| А 
NORTH АА | MOUNTAIN АА | MOTHER AA DOG MA 
SOUTH AA HILL АА | FATHER AA HORSE AA 
EAST AM VALLEY AA | SISTER AA BEAR А 
WEST A RIVER AA | BROTHER AA LION = 
АСЕ 3 BUNGALOW 8 | iNcH AA ROOF jo 
KING АА | HOUSE AA | roor AA WINDOW AA 
QUEEN AA| HOTEL A | YARD AA DOOR AA 
JACK AA CABIN A | MILE AA FLOOR 24 
A 
SUMMER AA| ARM AA | ADDITION A RUSSIA 1 
WINTER АА | тес AA | SUBTRACTION 1 BURMA 7 
SPRING AA HEAD AA | MULTIPLICATION 5 PERU А 
FALL AA FOOT АА | piviston A SPAIN “= 
9 
РЕММҮ 38| BISHOP 40 | Bass 7 BAYONET 8 
NICKEL 11|  REVEREND 11 | TENOR 6 DAGGER 2 
DIME 11| PASTOR 11 | ALTO 1 CUTLASS = 
QUARTER АА | MINISTER А | soPRANO 1 STILETTO 
tes word 
Note.—f indicates frequency of occurrence from Thorndike-Lorge G count. Em dash (—) indicate quite 


does not appear in G count. Categories are not given verbal labels since, in the main, such labels WOU 


arbitrary. I Ss 
seated Ss received the same list. „Twenty 44 Ss tested on each list. As in pe. on 
different randomizations of each list were were provided with blank sheets of P^ 
drawn in accordance with the restriction which to write their recall. as ideo” 
mentioned earlier along with the additional Л Experiment I V.—The procedure WI the 
restriction that every randomization start and tical with that of Exp. III exceP e jven 
end with a word from a different one of the instructions to Ss. In Exp. IV, Ss BE were 
Repetitions of the original 20 instructions for exposing the words uld be 


20 categories. 


randomizations were used to accommodate the 


informed that further instructions 
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given after the words had been exposed. 
These latter instructions requested Ss to 
recall the names of the categories or groups 
of words rather than the words themselves. 
The Ss were 39 male undergraduate Lafayette 
College students, 19 of whom received List 1 
While 20 received List 2. 

Tnstructions to Ss.—For Exp. I, II, and Ill, 
the instructions to Ss were identical. The Ss 
were told they would see a long list of common 
English words. They were told to watch the 
Words as they were exposed. After the last 
Word was exposed, they were to write (say) 
all the words of the list they could recall, in 
any order that occurred to them. The Ss 
were informed they would have 5 min. for 
Tecall, 

, For Exp. IV, Ss were given specific recall 
instructions after the words had been exposed. 
The E informed the Ss that they had probably 
Noted, in exposing the words, that the words 
Could be classified into groups Or categories 
en related words. The Ss were instructed to 
write a label, name, or phrase for each of the 
groups or categories of words they could 
Temember, The E emphasized to Ss that 
ey were to write the category names and 
Not the individual words of the list. The Ss 
Were further instructed to use only the left 
Side of the data sheet and were given 5 min. 
for the recall of the category names. After 
this recall period, Ss were instructed touse 
the right side of the data sheet and write all 
words they remembered that belonged to 
€ categories they had listed. Again, 5 min. 
Vere allowed for this recall. 
ih Word association data. "€ Ў 
mited number of E categories comprising 
three and four words, no precise control over 
ifferences between the E and NE categories, 
Other than the Thorndike-Lorge frequency 
matching, was feasible in constructing the 
ists, [eese (1959a), however has demon- 
Strated that an index of interitem associative 
Strength derived from word association 
Norms can be used to predict differences in the 
recall of groups of related words. In view of 
this, word association data were collected for 

qutd of both lists. kd ж 

ach $ was given one 0 the exposu 
devices eke ted ti Exp. III. Each exposure 
levice contained a tape with all 70 words 
rom one of the two lists. After receiving 
Standard word association instructions, Ss 


Xposed one word at a time and recorded 
rd before exposing 


Because of the 


al nger time interval involved, this procedure 
as identical with the general technique by 
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which the words were presented to Ss in the 
experimental studies. Three different random 
orders of the 70 words of each list were used. 
A total of 54 male undergraduate Lehigh 
University students were randomly assigned 
to each list with the restriction that 18 Ss 
receive each randomization. The norms are, 
therefore, based on a total of 54 Ss per word. 
Lehigh University students rather than 
Lafayette College students were used since a 
large portion of the student body at Lafayette 
College had been exposed to the words of the 
lists at one time or another. Since both 
Lafayette and Lehigh are all-male schools 
with highly similar selection and admission 
procedures, no restriction on the generality 
of the normative data was anticipated. After 
tabulating the responses, the index of inter- 
item associative strength, as described by 
Deese (19592), was derived for each category 


of words. 
RESULTS 


Experiments 1, ІІ, and III.—The 
recall protocols were scored for two 
major response measures: (a) the num- 
ber of words recalled and (b) the 
number of categories represented by 
the recalled words. For this latter 
measure, Ss received credit for having 
represented the category in recall if 
at least one word of the category was 
recalled. Both these response meas- 
ures were further decomposed into 
an E and NE component. The means 
and SDs for these response measures 
for both lists and for all three experi- 
ments are shown in Table 2. An 
analysis of variance of the total recall 
scores for both lists and all three ex- 
periments was computed. Since the 
result indicated a significant difference 
in the recall means, Ё (5, 306) = 9.55, 
p < .001, further analyses of the data 
will be reported separately for the 
three experiments unless otherwise 
noted. 

Analyses of variance tests of the 
word recall scores showed that for 
Exp. I and III there was a signifi- 
cantly greater word recall for List 1 
than List 2, F (1, 174) — 39.5, 
p < .01 and F (1, 86) = 5.3,№ < .05, 
respectively. Experiment II showed 
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TABLE 2 


MEANS AND SDs or Мокрѕ RECALLED AND NUMBERS OF CATEGORIES 
REPRESENTED IN RECALL 


== 3 Words Categories 
Exp. List 
Exhaustive| Nonexhaustive| Total |Exhaustive| Nonexhaustive| Total 
1 Mean | 21.2 16.58 37.78 7.03 6.86 13:49 
SD 5.01 4.88 8.05 1.29 1.66 2.2 
I 
2 Mean | 17.40 12.98 30.37 6.71 6.35 13.06 
SD 4.90 4.12 7.53 1.53 i53 | 2-9. 
1 | Mean | 18.67 14.46 3313 | 671 6.75 13.46 
SD 5.52 4.33 837 | 1.52 110 | 4. 
Il 
2 | Mean | 18.33 13.71 3204 | 7.33 6.75 us 
SD 5.83 5.71 10.94 1.55 rap | 99. 
1 Mean | 19.05 14.70 33.75 6.43 6.39 22 
ü SD 4.49 5.13 7.84 1.28 1895 |) t 
I 
2 | Mean | 1755 | 1230 | 3005 | вав 591 | 123 
5р 441 3.93 7.21 1.21 1.49 ^ 


the same trend though the result was 
not significant. For all three experi- 
ments, the analyses of variance tests 
showed a significantly greater recall 
of words of E categories (p < .01 in 
every case). The interaction term 
was nonsignificant in every case. 
Regarding the number of categories 
represented in recall, the analyses of 
variance tests detected only one sig- 
nificant difference—that between the 
two lists for Exp. I (р < .05). As 
can be seen from Table 2, however, 
this statistically significant difference 
reflects an increase of only 6.4% in 
the number of categories represented 
in recall in favor of List 1. Though 
the differences between the number 
E and NE categories represented 
recall were nonsignificant in all 
es, a very slight trend is indicated 


of 
in 


cas ( 
by the fact that five of the six com- 
parisons showed that more E cate- 


gories were represented in recall. As 
a whole the analyses of word and 
category recall scores indicated that 
Ss processed NE categories just as 
well as E categories even though word 


recall for the NE categories 4° 
significantly poorer. 

The efficiency of recall of sete in 
E categories may be demonstrate үр” 
the following manner. The tota was 
call for a given list and experiment et 
partitioned into four additive ee 
ponents as follows: E, four-word = 
gories; E, three-word categories ‘ree 
four-word categories; and NE, Е was 
word categories. А tabulation cie 
made of the sum of the plug t 
with which Ss recalled one, two t ri 
or four words for the five catet ote 
of each of these components. rne 
that this analysis is not pera 
with the order in which the words the 
recalled.) From this tabulation: ^ 
percentage of the total сою ones 
recall comprising occurrences o огу 
two, three, or four words of a ae D 
The жези oy 

is 


The discrep 
ories 


s of 


' 


was determined. 
shown in Fig. 1. 
between the E and NE c a 
quite striking. Over both ns of the 
all experiments, well over 50% огїё5 
total recall of words of E categ% jl 
represented the complete reca 
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PERCENT OF TOTAL COMPONENT RECALL 


NUMBER 


Percentage of total comp: 
five categories in 


Eories are shown by 14 and 1b, respectively. 
Shown by 1c and 1d, respectively. 
Upper left corner of 1а.) 


s of a category. On 
he maximum recall 
for the NE categories occurred for two 
Words of the three-word categories 
апа three words of the four-word cate- 
Когіеѕ, Over both lists and all experi- 
Ments, the percentage of the total 
Component recall comprising occur- 
Tences of single items was 25 follows: 
E, four-word categories, 2.605; E, 
three-word categories, 6.0%; 


three or four word 
the other hand, t 


component recall comprisi 
each component. 


The lege 


80 


Nonexhaustive 7 


AN. 


OF WORDS 


ng occurrences of one, two, three, 
(List 1, four- and three-word cate- 

List 2, four- and three-word categories are 
nd for all figures is the same as that in the 


four-word categories, 7.6%; and NE, 
three-word categories, 16.7%. It is 
evident that if S can recall one word 
from a category there is a very high 
probability that he will recall at least 
two words from the category. 

To determine the extent to which 
words of a category were recalled 
consecutively or not, an analysis of 
clustering was performed. Clustering 
is defined as the consecutive occur- 
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rence of words belonging to the same 
category (Bousfield, 1953). For the 
E and NE recall components, the 
percentage of the recall comprising 
occurrences of clusters of two, three, 
or four words was computed. Com- 
bining over all three experiments, the 
results were as follows: List 1—E 
categories, 89.57%; NE categories, 
79.64% : List 2—E categories, 82.42% ; 
NE categories, 67.20%. The overall 
percentage of clustering reflects the 
high degree to which Ss grouped the 
recalled words into the appropriate 
categories of the lists. The mean 
difference between the number of 
clustered words of E and NE cate- 
gories was 5.45 for List 1 and 5.60 
for List 2. Both these mean differ- 
ences were significant (¢ = 11.85, 
p < .001 апа; = 14.00, р < .001 for 
Lists 1 and 2, respectively). The 
difference in clustering of words of E 
and NE categories between Lists 1 
and 2 was not significant (¢ = .24). 
The geometric means of the Thorn- 
dike-Lorge frequencies for the words 
of each category were correlated with 
an index of category usage. This 
index was derived by dividing the 
total recall of words of a given cate- 
gory by the maximum recall which 
could be obtained if all Ss recalled all 
words of the category. In this man- 
ner, the indices of usage are independ- 
ent of the fact that half the categories 
comprised three words and half four 
words. Separate rank-order correla- 
tions were computed for the E and 
NE components of each list for all 
three experiments. А test based on 
Fisher's z transformation (Johnson 
& Jackson, 1959) indicated that, for 
both lists, the correlations neither 
differed significantly from one an- 
other nor differed significantly from 
zero. The average correlation for 
List 1 was .100 and for List 2 was 
—.108. Thus, there is no evidence 
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that frequencies of occurrence of the 
words of the categories influenced 
recall. 

The next analysis concerned the 
relation between word recall per cate- 
когу and the index of interitem а550- 
ciative strength. For each category; 
the total word recall was divided bY 
the number of Ss who recalled at least 
one word of the category. This value 
was then converted into а percentage 
of the words comprising the category: 
The intercorrelations of this measure 
between the three experiments b. 
extremely  high—the Pearson M 
ranged from .815 to .940. In wi 
of this, the percentage maximun 
category recall measure for 
category was averaged over ёас tem 


and correlated with the inter 
associative strength index. For it 
ist 21 


1 the r was .784 while for List ^c 
was .626. Both these r’s are pr. 
cant beyond the .01 level. lt fa 
parent that the recall of words "the 
given category is highly related ү? the 
degree to which the words 0 or 
category elicit one another as W 
associates. tative 
The mean interitem associati 
strength indices were as follows: ries 
1—E categories, 43.9; NE d NÉ 
12.5: List 2—E categories, 22- f the 
categories, 5.6. Examination "bi 
recall means presented in 


for each experiment is exactly re 
by the order of the mean ! d Note 
associative strength indices. ritem 
however, that though the inte cts 
associative strength index |, there 
the within-category word reca п this 
is no consistent relation betwee" fi 
index and the number of сак! 
represented by the recalled wort 11, 

Experiment IV.—1n Exp. punks 
and III the use of categories 25 C from 
to facilitate recall was inferre ‚ Т 
the word recall data. In 
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Ss were specifically asked to recall 
the names of the categories. For 
List 1, the mean number of cate- 
gories listed by Ss was 10.32 of which 
5.16 were E categories and 5.16 were 
NE categories. For List 2, the mean 
number of categories was 10.30 of 
which 5.35 were E categories and 4.95 
Were NE categories. Neither the 
differences between the mean total 
number of categories for List 1 and 
List 2 nor the differences between 
mean numbers of E and NE cate- 
Eories for either list proved to be 
Significant. Since the procedure used 
in Exp. 111 was most identical with 
that used for Exp. IV, the results 
of these two experiments were com- 
pared. The differences between the 
Mean total number of categories for 
both lists as well as the differences 
between the mean number of E. and 
categories for all comparisons 
Were significant at better than the 
05 level. Likewise, when the word 
recall for Exp. II and IV was com- 
Pared, all differences were again SIg- 
nificant at the .05 level or better. 
The percentage category recall 
measure was computed for the word 
recall data. The intercorrelations 
of this measure between Exp. III and 
IV were „840 for List 1 and .954 for 
ist 2, Also, the correlations be- 
tween the percentage maximum cate- 
gory recall measure and the interitem 
associative strength index were .632 
for Diet 1 and .548 for List 7 A 
these correlations are significant at 
better than the .01 level. Another 
Comparison of interest between Exp. 
П and IV concerned the frequency 
With which the various categories 
Were represented in recall. For List 
1, the correlation was .619 while for 
ist 2 it was -797- Again, these 
Correlations are significant at beyond 


the .01 level. 
Taken as a whole, the results of 
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Exp. IV are in close agreement with 
the results of Exp. I, П, and III with 
the exception that the absolute mag- 
nitude of category and word recall 
is lower. Since Ss in Exp. IV were 
not informed that they were to recall 
the categories (or for that matter, 
that they were to recall anything 
at all) until after the words had been 
exposed, it is reasonable to assume 
that no specific set was generated 
regarding recall of the material. 


DISCUSSION 


Whether measured directly or inferred 
from word recall, the experiments re- 
ported here consistently showed that 
only a limited number of categories (or 
categories of words) were handled in the 
free recall of the 20 category lists. De- 
pending on the experiment, between 10 
to 14 categories were recalled or repre- 
sented in recall. This finding is com- 
patible with results of free recall studies 
which utilized lists of unrelated words. 
Both Deese (1959а) and Murdock (1960) 
maintain that a portion of recall is 
based on the immediate memory span. 
Depending on various factors such as 
interitem associative strength, presen- 
tation time, etc., an additional number 
of items are recalled beyond the core 
provided by the memory span. Using 
Murdock's (1960, p. 231) formula, a 
recall of approximately 11 words is 
predicted from a list of 20 unrelated 
words presented at a 4-sec. rate. If the 
20 categories of the present studies are 
equated with 20 unrelated words, the 
present findings are not at variance with 
this predicted value. Apparently, Ss 
can handle the 20 categories of the list 
in essentially the same fashion as they 
handle a list of 20 unrelated words. 

Several comments are required con- 
cerning the stable finding, over all the 
experiments, that despite the large dif- 
ference in word recall between the E and 
NE categories, both category types, 
per se, are equally represented in recall. 
Since the interitem associative strength 
index is considerably higher for the E 
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component of each list, it is evident that 
the efficacy of the index is restricted to 
word recall within a category and is not 
related to which categories will be re- 
called. о 

Miller (1956a) has made the distinc- 
tion between information-rich and in- 
formation-poor chunks. . Information- 
rich chunks would be equivalent to the 
NE categories since the words of these 
categories represent only a small number 
of the alternative items belonging to the 
categories. Similarly, the E categories 
would be equivalent to information-poor 
chunks since the words of these cate- 
gories can be chosen from only a small 
number of alternative items. Оп the 
basis of an information load interpreta- 
tion, the poorer recall of the words of the 
NE categories would be expected to 
convey at least as much if not con- 
siderably more information than the E 
words. However, an information load 
analysis does not lead to a prediction of 
equal representation of E and NE 
categories of words. 

The exact nature of a mechanism to 
(a) account for the equal use of E and 
NE word categories and (b) explicate 
the general nature of the recoding process 
is still a matter of conjecture. A promis- 
ing approach to this problem may be 
based on the results of one of Deese's 
(1959b) recent papers. Deese has dem- 
onstrated that the extent to which an 
intrusion appears in free recall can be 
predicted from the average percentage 
occurrence with which the intrusion 
occurs as a free associate to the words 
of the list. 

Extending this result to the present 
study, it may be assumed that each of 
the three or four words of a given cate- 
gory has a tendency to elicit not only 
other individual words as free associates 
but also a word or some recoded combi- 
nation of words that represents some- 
thing analogous to the postulated rm-Sm 
mediator of Osgood, Suci, and Tannen- 
baum (1957) and Flavell (1961). If 

four words elicit the same or 
three or 
similar mediators, there pee be a 
straug tendency for the mediator to 
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remain active and aid in the organization 
and recall of the input кш 
That something of this nature occurre 
in this study may be inferred from @ 
few instances where Ss overtly intrude 
in recall a word which represented the 
category label for a specific group o 
words. For example, several Ss intru a 
the words FLOWER and FISH in Ше 
recall protocols. FLOWER is an ape 
priate category label for the des 
DAISY, ROSE, and VIOLET while FISH ple 
appropriate label for the items PERC! 
MINNOW, SALMON, and SARDINE. 
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EFFECTS OF RESPONSE MEANINGFULNESS (m) ON 
TRANSFER OF TRAINING UNDER TWO 
DIFFERENT PARADIGMS! 


JOHN JUNG? 


Northwestern University 


The effects of 2 levels of response m 
2 paradigms, A-B, C-B and A-B, A 


ciate lists of 6 pair: 
trigrams as responses. 
of the A-B, C-B parad 
learning may result from response 


should be greater with low m res] 


learning than high m responses. 
of greater positive 
was predicted for t 
dependent of Respons 
transfer. 


. The learning of paired-associate 
lists has been logically analyzed into 
two major components, a response- 
learning stage and ап associative 
stage (Hovland & Kurtz, 1952; Un- 
derwood, Runquist, & Schulz, 1959). 
During the first stage the responses 
Der se are learned so that they become 
readily available units. Secondly, 
these responses must be associated to 
the appropriate stimuli with which 
they have been paired. 

Ellis and Burnstein (1960) have 
advocated extending the above anal- 
ysis of the learning of a single paired- 
associate list to the learning of two 
Successive paired-associate lists, ie, 
the transfer of training paradigm. 
They analyzed the A-B, C-B paradigm 
(stimuli different, responses identical) 
accordingly. Since the responses on 
the two lists are identical, response 
learning which occurs on the first 


1 This study is based on а PhD dissertation 
Submitted to the Graduate School of North- 
Western University- 
to Benton J. Underw 
incouragement durin 
vestigation. 

i Now at Long Beach State College, Long 
each, California. 


g the course of the 


transfer with low m. 
he A-B, A-C paradigm, it was predicted to be in- 
em. However, high m produced greater negative 


neaningfulness (m) on transfer under 
-C were studied using paired-asso- 
s of items consisting of adjectives as stimuli and 

Since the same responses occur on both lists 
igm, positive transfer or facilitation of 2nd list 
learning on the Ist list. Such transfer 
ponses which require more response 
The results supported the prediction 


Although negative transfer 


list should be readily transferred to 
the learning of the second list. Learn- 
ing of the second list can begin with 
the second or associative stage since 
the responses necessary were already 
learned during training on the first 
list. Thus, positive transfer is pos- 
sible via the response-learning stage 
in this paradigm. 

Adding to the Ellis-Burnstein anal- 
ysis, it can be seen that negative 
transfer may occur under this para- 
digm via the associative stage. This 
transfer task requires the learning of 
two different associations with the 
same responses and it is not incon- 
ceivable that interference may be 
encountered in such a situation. In 
fact, Twedt and Underwood (1959) 
obtained a slight amount of negative 
transfer using this paradigm. They 
attributed this result to possible inter- 
ference of backward associations from 
the first list to the forward associations 
of the second list. Thus, whereas the 
response-learning stage produces an 
element of positive transfer under 
this paradigm, the associative stage 
leads to negative transfer effects, 
Transfer effects obtained under this 
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TABLE 1 


MEAN NUMBER OF ANTICIPATION TRIALS 
TO CRITERION ON List 1 


Response эт 


Paradigm — | 
| High | Low 
A-B, C-B | 9.50 24.90 
А-В, A-C 10.50 23.45 
A-B, C-D | 10.85 | 23.40 
were no significant differences in 


first-list learning as a function of 
paradigms under either high m, F (2, 
57) — .37, or under low m, F (2, 57) 
= 1.15. 

List 2 learning, Trials 1-2.—Figure 
1 presents the mean number of correct 
anticipations for each condition on 
the first two anticipation trials of 
List 2. A greater number of correct 
anticipations was found with high 
than with low m. The F for Response 
m of 61.80 with 1/114 df was signifi- 
cant at the .001 level. The relative 
performance of groups under the 
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different paradigms was identical at 
both levels of Response m, C-B being 
highest, followed by C-D, and finally 
A-C. The differences between the 
paradigms was significant, F (2, 114) 
= 16.67, р < .001. The Response 
m X Paradigm interaction was also 
significant, F (2, 114) 24.17, p <.05, 
reflecting the fact that the magnitude 
of the effect of Response m is not the 
same for all paradigms. 

In order to measure specific trans 
fer, it is necessary to partial out 
any nonspecific transfer effects which 
are derived from warm up, etc. 11 
proceeding from the first list to the 
Second. In the present study, this 18 
possible by comparing the C-D со 
trol (which provides а measure " 
nonspecific transfer) with each of the 
other two paradigms (A-C and C- 
The latter paradigms may produre 
some transfer attributable to speci 
stimulus-response relationships in ® 
dition to nonspecific transfer. hat 

Inspection of Fig. 1 indicates ше 


oe А-В,С-В 
v- — —--о А-В.С-0 
о 2S A-B, AC 


LOW 


HIGH 


RESPONSE M 


Fic. 1. 


Mean number of correct anticipations as a function 


of Response m and paradigms on Trials 1-2. 


RESPONSE MEANINGFULNESS AND TRANSFER 


the superiority of the performance 
of the C-B condition to that of the 
C-D condition is greater with low 
than with high m. This finding shows 
that positive transfer under this 
Paradigm is greater with low than 
With high әт, as predicted earlier. 

. To determine if these differences 
in net transfer as a function of Re- 
Sponse m were significant statistically, 
difference scores were obtained be- 
tween the number of correct anticipa- 
tions for each 5 in the C-B paradigm 
and the mean number of correct 
anticipations for the C-D condition 
at each level of Response m. First, 
the mean number of correct anticipa- 
tions was obtained for the C-D condi- 
tion at each level of Response 7r. 
Then, for each m level, the C-D mean 
Score was subtracted from each C-B 
Score at that level of m, providing two 
distributions of difference scores. 

t of 2.63 with 19 df was obtained 
between the difference scores obtained 
for high and low m (P < .01). 

A similar analysis was made of 
transfer under the A-C paradigm. 
Figure 1 indicates that the inferiority 
of the A-C condition to the C-D 
Condition was greater with high than 
With low m. In other words, net 
Negative transfer was obtained under 
the A-C paradigm and it was greater 
With high than with low m, contra- 


dicting the hypothesis that Response 


™ would not differentially affect 
transfer under this paradigm. | Sta- 
tistical analysis was performed in the 
Same manner described above for the 
the C-B paradigm. The difference 
Scores obtained for each level of 
 CSponse m differed sy significantly, 

(19) = 5.38, p < :001. 

pl 2 nel Trials 1-10.—The 
Mean number of correct anticipations 
On all 10 trials of List 2 for each 
Condition is presented in Fig. 2. For 
all paradigms, better performance 0C- 
curred under high than under low ™, 
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F (1, 114) = 79.95, p < .001. Per- 
formance also differed significantly 
as a function of paradigms, F (2, 114) 
= 18.61, p < .001. For low m, the 
highest performance came under C-B, 
followed by C-D, and finally by A-C; 
however, under high m, performance 
was highest under C-D, then C-B, 
and finally, A-C. This difference 
in the rank ordering of the paradigms 
asa function of Response m is reflected 
by a significant Response m X Para- 
digm interaction, F (2, 114) — 10.40, 
p < 001. 

As in the case of the results for 
Trials 1-2, to obtain measures of 
net transfer it is necessary to compare 
the C-D condition with each of the 
other two paradigms in performance 
on the transfer list. Inspection of 
Fig. 2 indicates that the superiority 
of the C-B paradigm to the C-D 
paradigm on performance on Trials 
1-10 is, as it was on Trials 1-2, 
greater under low than with high m. 
Actually, with high m, the perform- 
ance of the C-B condition is inferior 
to that of the C-D paradigm. 

Difference measures were obtained 
by comparing the mean number of 
correct anticipations for the C-D con- 
dition with the number of correct 
anticipations for each S in the C-D 
paradigm at each level of Response m. 
The difference scores for the high and 
low m groups were significantly dif- 
ferent, ¢ (19) = 3.82, № < .01. These 
findings are in agreement with similar 
findings from Trials 1-2 and support 
the prediction based on the response- 
integration hypothesis that transfer 
will be greater with low than with 
high m in this paradigm. 

Figure 2 also indicates that the 
inferiority of the A-C paradigm to the 
C-D paradigm in performance on 
Trials 1-10 is greater under high than 
under low 7. This finding agrees 
with a similar relationship found 
between Response m and net transfer 
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HIGH 


RESPONSE M 


Fic. 2. Mean number of correct anticipations as a function 
of Response апа paradigms on Trials 1—10. 


on Trials 1-2 although it is less 
striking on Trials 1—10. Difference 
scores were obtained to provide meas- 
ures of net transfer at each level of 
Response m in the same manner used 
for the C-B paradigm described above. 
The ż of 2.25 (df = 19, p < .05) ob- 
tained showed that net negative trans- 
fer was significantly greater with 
high than with low эл. This result, 
like the relationship found on Trials 
1-2, is incompatible with the ear- 
lier prediction that transfer under 


this paradigm is independent of 
Response m. . d 
Error analysis—In learning a 


paired-associate list it is reasonable 
to expect that as the course of train- 
ing proceeds erroneous responses will 
increase up to some point and then 
decrease as learning becomes com- 
plete. The portion of training during 
which errors gradually increase to 
some peak corresponds ШЕШУ а 
the response-learning stage ; the pai 

of training during which errors de- 


crease parallels the associative-lear? 
ing stage. 

One may analyze the transfer of 
training situation in terms O the 
the learning of a prior list affects oe 
error-making tendencies on the Wo 
ing of the second list. In the hich 
paradigm, since the responses “peen 
appear on the second list hara or 
integrated on the first list, little at 
no response learning is necessary d 
the beginning of learning of the sec -@ 
list. On the other hand, for the ^ 
and C-D paradigms, a comp uil 
different set of responses is enc nse 
tered on the second list. Red 
learning as well as associative peu 
is necessary on the second lis 
these two paradigms. «Hes that 

The preceding analysis implies © on 
the course of error committmen igm 
the transfer list for the C-B рага the 
Will be different from that un [o E 
А-С and C-D paradigms. jd be 
explicit, error tendencies shot ee 
maximal at the very outset О 
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learning for the C-B paradigm and 
minimal for the A-C and C-D para- 
digms. As List 2 training proceeds, 
errors will steadily decrease until they 
are eliminated for the C-B paradigm; 
On the other hand, errors will first 
increase to some point before decreas- 
ing and finally become eliminated 
for the A-C and C-D paradigms. 
{ос only should the shapes of the 
error curves be different for the C-B 
аз opposed to the A-C and C-D 
Paradigms but these differences should 
be affected by the level of Response 
т. The higher the response M, the 
less should be the difference in the 
Shapes of the error curves between 
the С-В and the A-C and C-D para- 
igms because response learning 15 
relatively fast. In other words, the 
advantage of having responses Оп 
ist 2 which have already been inte- 
grated on List 1 for ће C-B paradigm 
1S minimized with higher degrees of 
еѕропѕе m. On the other hand, with 
Ow m, the differential effects of re- 
Sponse integration should be greater 
апа lead to the expected differences 
in the shapes of the error curves for 
the C-B as opposed to the A-C and 
C-D paradigms. 
. It is not possi 
Interpret the absolut 
relative frequencies 0 


ble to meaningfully 
e or even the 
f errors under 


15 


o 


MEAN NO. ERRORS 
in 


за 56 
TRIAL BLOCKS 


Mean number of i 


FIG. 3. 2 
as a function 0! 


ec д; 
e —— — A-B, CD 8 А-В,А-С 


T8 9-10 1-2 
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the various conditions since the de- 
gree of learning was not equated. 
This problem is avoided by restricting 
the interpretation of errors to the 
shapes of the error curves. Figure 3 
presents the course of intrusion errors 
on List 2 learning for both levels of 
Response m and for each type of 
paradigm (C-B compared to A-C and 
C-D). An intrusion is an error which 
is correct as a response but given to 
an inappropriate stimulus. Аз pre- 
dicted, under low m the commitment 
of intrusion errors decreased over 
training for the C-B paradigm where- 
as it increased over training for the 
A-C and C-D paradigms. This find- 
ing is consistent with the finding of 
maximal positive transfer under low 
m. But as also shown in Fig. 3, the 
differences in the shapes of the error 
curves for the two types of paradigms 
are less striking under high m than 
they were under low m. Errors de- 
creased over training for the C-B 
paradigm as they did under low m; 
for the A-C and C-D paradigms, 
errors increased at first but reached 
a peak quite early and began to 
decrease over the remainder of List 2 
training whereas under low m errors 
were still increasing on the last block 
of List 2 trials. These findings are 


св 


LOW M 


0-7-7 


9-10 


5-6 7-8 
TRIAL BLOCKS 


3-4 


ntrusions over the course of List 2 training 
f Response m and paradigms. 
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TABLE 1 
АСЕ, HEIGHT, AND INTERPUPILLARY DISTANCE 
Group Age Hes dE CO 
Range 4-9 to 6-5 423 to 50 
54 Mdn. 5-6 47 
7 Range 6-8 to 7-10 45} to 55 49 to 55 
Mdn. 7-2 50 54 
10 Range 9-6 to 10-6 524 to 61 48 to 56 
Mdn. 9-11 56 54 
12 Range 11-5 to 12-3 551 to 64 50 to 60 
Mdn. 11-9 573 55 
Adult Range 18 to 30 63} to 71 
Mdn. 23 ‘oy? 
age and the oldest was 30 yr. old. The placed on the ground at the foot of and 


median and range for each group are given 
in Table 1 which also gives similar data as to 
the Ss’ heights and interpupillary distances. 
The youngest age group, it should be noted, 
covered a range of almost 2 yr. from 4-9 to 6-5. 
The other children’s groups have a narrower 
age range spanning approximately 1 yr. 
There were 12 Ss in each group, 6 males and 
б females. The Ss included children attending 
a preschool nursery; children attending a 
suburban elementary school; and an adult 
group comprised of graduate students, 
medical students, technical assistants, and 
secretaries. The Ss’ visual acuity was at 
least 20/20 corrected. 

Judgments of distance were made in a 
level, grassy field next to the school where the 
Ss were enrolled or where they were employed. 
The open terrain to the front of the Ss 
extended for at least 65 ft. without any clear 
marker such as a bush or path, but this varied 
for the different groups. Thus, for the 
youngest group and for the adults the field 
extended 65 ft., for the 7-yr.-olds it extended 
about 100 ft., for the 10-yr.-olds and for the 
12-yr.-olds there was about a 75-ft. expanse. 

The Ss stood at one end of the field and 
directed the E to mark off successive 1-ft. 
intervals using as a standard a foot-rule 


2 The children in the youngest group were 
obtained through the cooperation of Elizabeth 
M. Staub, Director, Nursery School, Depart- 
ment of Psychiatry, University of Rochester. 
The three older groups of children wee 

btained through the cooperation of the 
р на New York schools, District No. Д 
ed B. Painter, Superintendent; Elsie 
Robinson, Principal; and Francis E. Davies, 


Principal. 


immediately to the front of the S. The 


instructions were: 


You see the ruler on the ground, I am going 
to move the pointer along the ruler an a 
want you to tell me to stop when I hav 
moved the pointer the length (to the en Р 
of the ruler. Now I'll put this market 
(pencil) at this point. Now I'll start fro 

the marker and again you tell me to в 
when I've moved the pointer as far @ 
long) from the marker as the ruler is long 


The marker was a yellow pencil and e 
pointer which was moved by the E was а 10 
metal rod. After each judgment ш a 
measured the distance from the marker to ot 
pointer and moved the marker to the SP 
where the pointer had been stopped. 
next judgment was begun then. Two Es s 
present so that each .S could be watcher 
they made their judgments. If an S s the 
tion wandered, as occurred at times yit was 
younger children, the child’s attention that 
recalled to the task. If there was doubt ke 
the child truly was attending, he was ME 
if he wanted the E to stop moving the р Д 
or if he wanted it moved forward oF ent 
On a few occasions a particular judge 
was begun again, but this was never 
after the S had completed a judgment. 
Each S gave two series of judgm' 
at normal height, the other at an a 
height. The adjusted height judgmen™ iq 
the four groups of children were ор ог 
while each child was standing on а pla 
such that his (her) overall height was X sed 
63 in. (plus or minus } in.) The adju he 
height judgments for the fifth grov Pi Tare 
adults, were obtained while the 25 


one 
djusted 
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ig] DFIVE 8 SIX 
Ш ЅЕҮЕМ 
15-4) @TEN 
ala. @ TWELVE 
шз] OADULT 
212 
2 I 
ale) 
$9 
с 
Е 8 
ат 
= 6 
ЕЗ 
55 
БЕ; 
es 
2 
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Constant error foi 


Fic. 1. : 
ent Visu: 


curves at the left repres 
eyes are 36, 48, 60, and 


ranged from 331 


kneeling. Kneeling height 
е g. neeling heig Түп. Thus, 


in. to 53 іп. with a median 
the adjusted height of the adult group w^? in 

€ opposite direction from that for the four 
groups of children. Also, the extent of the 


adjustme; for the shorter an 
nt was greater tor „ап 
E children. Within 


thus mainl Ss m 
y for the younger 

each E ing half the Эз e 
age and sex [ES Eon and half the 


eight, that is, estimates 
Second foot-length distal from the S and 


extending to the estimated foot-length at a 


Derceived distance approaching 20 ft. from 


he 5 i ot possible in each instance. 
Дел ыш re so great that 


ome of the Ss’ estimates We 
the total linear expanse of the field had been 
included before they were at the nineteenth 
estimate. The smallest number of judgments 
i for a given height e 8. 

Or th oup, though all under- 
pun: d (repetition of instruc- 
times), not all w 
able t he time and effort required. 
1 to tolerate СЫЛУ in 5 Ss necessitated 


6 8 I 
SUCCESSIVE 


72 in. above t 


1 I 
12 14 
JUDGMENTS 
r successive distance judgments. 
al angle functions for a hypothetical S whose 
he ground.) 


(The line 


five children, however, indicates that their 
performance was not different from that of 
the children who were able to attend suf- 


ficiently. 
RESULTS 


Each judgment by an 5 provides an 
estimate of the extent to which he 
over- or underestimates the 1-ft. 
interval. If a given interval is over- 
estimated, the distance marked off 
for a specific judgment should be less 
than 1 ft.; if the distal interval is 
underestimated, greater than 1 ft. 
should be judged equal. As the judg- 
ment is made at greater distances 
from the S, a larger extent is required 
to provide an equal angle at the retina. 
Thus underestimation is equivalent 
to underconstancy, that is, a judg- 
ment falling between the requirements 
of constancy and of visual angle. 

Figure 1 shows the average under- 
estimation (constant error) for each 
successive normal height judgment 
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by age group. The vertical axis gives 
the error in inches by which a given 
judgment exceeded the standard of 
12 in. Only data from those Ss who 
made judgments at their normal 
height on the first series are included. 
'The curves at the left of the graph 
represent visual angle functions for 
those instances when an S's eyes are 
36, 48, 60, and 72 in. above the 
ground. The angle indicated is that 
subtended by a 12-in. ruler at the 
foot of the S. Constancy, of course, 
is represented by the baseline of the 
graph, constant error = 0. 

Three facts are immediately ap- 
parent. At all distances and for all 
groups the average error underesti- 
mates the distance so that the group 
average indicates something more 
than 12 in. is judged as equaling the 
ruler at the foot of the S. Some Ss, 
particularly at nearer distances, did 
give judgments of less than 12 in. 
but the group trend is clear. It is 
also evident that the farther the dis- 
tance from the S, the greater the 
underestimation of the interval. 
Third, on gross inspection the slope 
of increasing error with successively 
more distant judgments seems similar 


SERIES 1 
SERIES п 


ою 


CONSTANT ERROR (IN INCHES) 


- ®ю шь о ©з ошо оо 


51/2 7 10 12 
AGE GROUPS 


ADULT 


h age 
с. 2. Constant error for each ag 
p^ on Series I and Series IT. 
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for the three younger groups and 
steeper than for the two older ыы 
Using the average underestima : 
for all judgments of a given X 
as a measure descriptive of an E 
performance, an analysis of vanen 
for age, sex, height (normal or a 
justed), and order (first [dew A 
series) indicates that the rail 
which the judgment is made doe 


> Hkewise, 
influence the result.) Sex, des sig- 
is not a pertinent variable. sure 
nificantly affects this п 


“= < .05) as огу "order 
(r = сеа 201). Ther АН 
ап AgeXOrder interaction d I un 
Ф < .05). The three younge gU 
are not significantly different can 
each other and all three difiler 
the 12-yr.-old and adult groupe. 
means for each order are Ө 
Fig. 2. There is an пора 
veridicality of judgments 
Second series for all 


n in 
in 
the 


due to order. З 
Тһе increasing separation erfor 
the younger and older SS’ Б ments 
ances with more distal ju : that 
evident in Fig. 1 and the FAE aif 
age differences in size uec 
(which relates size to qwe 
parently are evident at farthe осу) 
tances (Zeigler & Leibowitz, eating 
suggested the desirability of reP nder- 
the analysis using average ad half 
estimation scores for the paper f 
(farther distances) of each $ in ош 
judgments. There is no sath age 
results thus confirming uem are the 
differences already mentione 2 
only ones present. : етеп: 
The height at which the judg" g's 
were made does not influence, neigh* 
response. The lack of effect O rig. * 
for each group is shown in "ult 


a 


s : che 
he apparent shift for th nis 


m- 


en 10! 
*I am grateful to Russel F. ое 
help with the analysis of variance 
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group is not significant. It should be 
Teiterated that the adjusted height 
for the adults was obtained by having 
them kneel, thus reducing their height 
While the adjustment for the other 
Sroups was to raise them above their 
Normal height. Height as a possible 
Influence on distance judgment can 
е evaluated also within each age 
Eroup by correlating the individual's 
eight with his performance. The 
Correlation of underestimation and 
55 height, with age held constant, 
15 —.075. 
Interpupillary distance was meas- 
Ured in three of our S groups: 7-, 
0-, and 12-yr.-olds. A correlation of 
Mterpupillary distance with extent 
* underestimation, holding age con- 
ant, is —.206 and is not significant 
Statistically. 
d he variance within each age group 
ine cases as the age of the group 
creases, The possibility that the 
Sreater variability in the younger 
&roups was a function of lack of 
intention or of not understanding 
ins ructions was checked by correlat- 
ч 8 the error scores for the first series 
Vith those for the second in each 
оар, If the younger children were 
'attentive or found the task too 
rg cult, one would expect little cor- 
elation between the two series of 
Judgments or, at least, less correla- 
ae than that obtained by the older 
Nildren and adults. Тһе respective 
TOduct-moment correlations starting 
m the youngest group are: .93, 
"6, 93, .87, „57. 


DISCUSSION 


is Spatial parameters such as angle of 
geara appear to play a complex role in 
th ance perception. As distance from 
lac increases, there is greater under- 

Imation of the distal extent at all 
* levels investigated in the present 
15485; At farther distances, an interval 

Трег than 1 ft. is required for the 5 to 


Rive a judgment of equality to a foot- 
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51/2 7 10 12 ADULT 


AGE GROUPS 


Fic. 3. Constant error for each age group 
at normal height and adjusted height. 


rule immediately in front of him; and as 
distance from the S increases a greater 
interval is required. While this is true 
at all ages, the strength of this effect 
is reduced significantly between the ages 
of 10 and 12. That this reduction is not 
primarily а function of the change in 
height with age is evident. 

A comparison of our results with 
Gilinsky's (1960) shows reasonable agree- 
ment for normal height binocular esti- 
mates. In her study she demonstrated 
clear differences between judgments ob- 
tained under monocular as compared 
with binocular regard, the latter having 
greater veridicality. In the current 
study, we did not experimentally manip- 
ulate this variable so that no direct 
evidence on this point can be offered. 
While inter-S differences in interpupil- 
lary distance had no influence, this is 
both quantitatively and qualitatively 
different from reduction to monocular 
viewing. Our results are consistent 
with Mead's (1943) finding of a lack of 
significant correlation between inter- 
pupillary distance and stereopsis score 
in a test of stereoscopic depth perception 
and with Clark and Warren's (1935) 
conclusion that interpupillary distance 
and depth perception as measured by 
the Howard-Dolman apparatus are not 
related. 
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A geometric explanation for the de- 
velopmental trend then is not possible. 
The simple invocation of experience, 
likewise, does not appear to be sufficient. 
If one assumes increasing familiarity 
and experience with space with increas- 
ing age, one would expect a more gradual 
increase in distance constancy than is 
demonstrated. While it would be attrac- 
tive to explain the shift between the 
ages of 10 and 12 as a function of 
emerging spatial concepts influencing 
earlier perceptual response, (Piaget & 
Lambercier, 1951, 1956), the problems 
for constructing an adequate develop- 
mental hypothesis are compounded by 
the great variability in the younger 
groups. The most accurate of the 54- 
yr.-old Ss performs better on the first 
series than all of the older Ss except for 
one 12-yr.-old. There is greater homo- 
geneity among the members of a partic- 
ular age group, the older the group. 
It is unlikely that this variability is due 
to difficulty in the younger children 
understanding the instructions as even 
the child producing the greatest errors 
exhibited a marked consistency in his 
judgments. It will be necessary to 
examine such individual differences be- 
fore a reasonable conclusion as to the 
processes involved can be entertained. 

The data of this study suggest that 
for this procedure, repeated exposure 
to the task leads to increased perceptual 

differentiation (Gibson & Gibson, 1955) 
in the children but not in the adults. 
The second series of judgments, in the 
absence of information as to the accuracy 
of the initial series of judgments, im- 
proves for all groups except the adults, 
This is not a result of the greater initial 
accuracy of the adults as the 12-yr.-olds 
do equally well the first time yet clearly 
do improve. Conceivably the different 
finding for the adult group is a function 
of their dissimilar experimental manipu- 
lation, though there is no immediately 
obvious reason why this would lead to 
such a result. а 

We are still some distance from an 
adequate analysis of the demands which 
a particular task places on different Ss. 
We cannot say that the results reported 
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here would recur if distance judgments 
were examined by the method of frac- 
tionation (Purdy & Gibson, 1955) or 
if the focus were on interspaces (Со 
1949). A comparison of edad 
patterns among these and other еше, 5, 
obtained from Ss drawn from "— 
populations, would help define the rele- , 
vant parameters. 
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Erratic lines appr 
described as paths 
predicted the 3 targets each p: 


formance (predictions) was evaluated a 
a path, where this probability was com- 


ling from an information source, whose 
10 basic paths of varying sample en- 
of the 10 paths was truncated at 3 
different sample sizes), yielding 30 paths, 
heses were proposed: (a) S performance 


target being intersected by 
puted mathematically. By samp 
entropy, H, was held constant, 
tropy, Й, were constructed. 
different lengths (in effect, 3 
each with a unique fi. 2 hypot 


would be superior on samples of low 


high fI, and (b) S performance would im П 
duced statistically significant differences 


The analysis of the data pro 
consistent with the hypotheses. 


Following the work of Shannon 
have poner (1949), psychologists 
infor E Own a persistent interest in 
orm ation theory. In general, in- 
the Ein theory has been used in 
Nue of two problems: (a) de- 
Er um of the capabilities of the 
Tang n operator as an information 
tosg tter (eg, Eriksen & Hake, 
Mer Age & Garner, 1951; Klem- 
the ¢ Frick, 1953), and (b) describing 
Blei, 2 асќегівіісв of tasks, i.e., com- 
eg Y, difficulty, redundancy, etc. 
Fit d Attneave, 1955; Berlyne, 1957; 
Son & Weinstein, Rappaport, Ander- 
› 8 Leonard, 1956). 
ls co € experiment to be reported here 
In ,"Cerned with the latter problem. 
infor € present work an aspect O 
ha, mation theory is employed that 
y Not, apparently, been used before 
deve) Ychologists. Therefore, а brief 
inyo pment of the mathematics 
d Seems called for. 
eng Mation theory defines the 
Svent? (degree of randomness of 
Sequ S) of stochastic processes (a 
of ence of events governed by a set 
Probabilities). A special type 


Each 


oratory, Wright-Patterson Air Force Base, Ohio 


coaching a target space were presented to Ss and 
of aircraft approaching a complex of (9) targets. Ss 
ath was most likely to intersect. S per- 


gainst the probability of each 


Й as compared with samples of 
prove as sample size increased. 


stochastic process is a Markov chain 
(the interest of this paper), where the 
probability of the event en is depend- 
ent upon the event 6&—i and only 
e Lhe statistical structure of such 
an event scheme can be represented 
by a set of probabilities, pi, the 
probability that the event 7 is followed 
by the event j. 

The formula for computing the 
entropy of Markov chains is given by! 


= — 2 Pipin log pin [1] 


$3 


H may also be interpreted as repre- 
senting the average amount of infor- 
mation associated with each event in 
a sequence. Dropping the weighting 
factor, Pipi, from Equation 1 and 
considering each event individually 
we have: 

h; = — log pi [2] 


here h; is the amount of information 
associated with each event (Attneave, 
1959, p. 6). Summing over a set of 


1P; in Equation 1 refers to “station 
HO LI E 
probabilities." "These will be discussed dre 
fully later in the text. 
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observed h,’s, we have: 


hr = У, тй; [3] 


the total amount of information in a 
sequence of events. When hy is 
divided by N, the number of events 
in a sequence, we have: 

Al = hr/N [4] 
which is the entropy of the sample 
and a sampling statistic. 

As a sampling statistic, two points 
may be noted about Й: (a) repeated 
samples of size N from an information 
source will yield values of Й which 
will be normally distributed about Н 
(Miller & Madow, 1954, p. 2)? and 
(b) in general, the larger the sample 
size N, the better will Й be an esti- 
mate of H (Mood, 1950, p. 149). It 
should be noted that in computing Й 
that the probabilities, Dig, are the 
known probabilities of events occur- 
ring in the information Source, not 
estimates (Êi) of them. 

ne more point regarding Equation 
1 must be clarified: namely, the mean- 
ing of Pi In discussing stochastic 
processes, the convention is to call 
the events emitted by an information 
source states. Thus, one may talk 
about the states of the system and the 
probabilities of the source being in 
any given state at time £. In de- 
pendent stochastic processes these 
probabilities P;, one associated with 
each state and constant for all trials 


? The only situation where 
is in the case where all eve 
likely. Here hr/N = Й = H, irrespective of 
sample size, N, and the distribution of events 
inthesample. Thisis true since in the equally 
probable case H = — log p; and hi = log pi 
(Attneave, 1959, pp. 5-6), and hr/N = (hin, 
+ hona +++ ++ hime) / М, where ni + na + ns 
ж = N and №: = hj: therefore, uni + hana 
Tee а) = hn +m Het ny) /N 
=h;. In an information source where all 
events are equally likely, a point distribution 
of Ё is obtained. 


this is not true 
nts are equally 


JULIAN O. MORRISSETTE AND WILLIAM H. PEARSON 


for a given information ee 
called the stationary probabilities. o 
process of computing stationary pro t 
abilities is too involved to preen 
here, therefore, the reader is ai 
to Kemeny, Snell, and Thompso 
(1957, pp. 217 ff.). =. 

We now consider the implication 
of these developments for pesei 
purposes. We note first that prey a r- 
psychological studies involving d ds 
mation theory may be деире 
follows: (a) hr/N always equale ke 
since the frequency with which € 
Were presented to Ss was copio uy 
$0 as to correspond with the SR 
mentally defined probabilities of € 
event occurring; (b) task proper ; 
were manipulated by change a 
and (c) the amount of ио. 
presented, hy (the number of pre left 
tations of stimuli), has been iew 
uncontrolled. From the point of V! le 
of the present development, pug 
entropy, Й, and sample size, N, кез 
Significant variables. Thus, “ibing 
plore the usefulness of descri aple 
tasks in the language of pen 
entropy and sample size, en on cae 
ment was designed in which ge 
variables were manipulated 2 
human performance assessed. 


METHOD 


The task—Ten paths were reprod 1 
10 in. paper, with nine potenia ы h 
gets” enclosed in a square near the ecs' draw? 
Paper. The 10 paths were samples e were 
from an information source, and thes enting 
varied by three different lengths, ren cing 
variations in sample size, thus produ der 
Paths each with a unique Ё. 1 acted the 
determine if path direction effects exis senting 
"rection of the paths was varied by р ноп, B 
each path in one of four rotated positi at the 
that the target area appeared ware 
upper right or left or lower right or timulus 
all, then, there were 120 paths in the rio * 
material: 10 basic paths X 3 path leng 
Positions of target area. imulus ^" 
Figure 1 is a sample of the stimu 
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Fic. 1. Sample of path presented to Ss. 


eae presented to the Ss. So that an 
“perimental session could be completed in 
Б r., thereby minimizing the effects of bore- 
ae and fatigue, the reproduced paths were 
E in two books, each containing 60 paths. 
dee Enment of paths to books, as well as 
Ччепсе within books was random. 1 
93 rocedure—Two experimental sessions 
E. run, with 30 Ss in one group receiving 
gro Set of 60 paths, and 27 Ss in the second 
UP receiving the other set of 60 paths. 
a T paths were described to Ss as representing 
a rude simulation of a set of pictures which 
Tadar monitor might receive of an aircraft 
ны ап evasive pattern toward a set of 
M all of equal strategic value. The 55 
in е asked to consider each path and from the 
Ormation contained in the path predict the 
3 тее most likely targets. The Ss were given 
рец to make their decision and record their 
Ictions in their books. . 
Wei ubjects—The Ss used in the experiment 
Te male students from the University of 
т Оп, Dayton, Ohio. АП Ss were vol- 
ОНЫ and they were paid for their par- 
Ipation, 
the, нса discussion of the task.—To obtain 
m 10 basic paths an "event field" was 
арре out on 10 X 10 ст. graph paper. 
1-20, were 1n- 
» representing t! 
a System, while a the abscissa 41 steps, 
» Were indicated, represe! 
States of the system. fis ES 
from, define the set of transition possibilities 


abil; ding to the following rule: the prob- 
ility 


j where j = i+1 is 1 — 1/20, while the 
transition probability, Pit» where ј =i-—1 
is 7/20. The transition possibilities and their 
associated transition probabilities are shown 
in Table 1, along with hi for each фуу. From 
the transition probabilities the stationary 
probabilities, P;, the probabilities of the 
system being in any given state at any step, 
n, were computed, and these are shown in 
Table 2. 

From the rules of transition and the transi- 
tion probabilities, paths were drawn. The 
jnitial state (0-20) for a path was selected 


TABLE 1 


TRANSITION POSSIBILITIES, TRANSITION 
PROBABILITIES, фу, AND 
hi = — Loe pio 


Transition Transition 
Possibilities Possibilities 
pet n oe ЕЕ E hi 
From To From To 
State | State State | State 
0 1 1.00 | 0.000 | 20 19 11 
1 0 .05 | 4.322 19 20, 
1 2 95 | 0.074 | 19 18 '] 
2 1 10 | 3.322 18 19 | 
2 3 90 | 0.152 18 171! 
3 2 15. | 2.737 17 18 !! 
3 4 85 | 0.234 17 16 | 
4 3 20 | 2.322 16 17 
4 5 80 | 0.322 16 15 
$ 4 25 | 2.000 15 16 
5 6 75 | 0.415 | 15 14 
6 5 30 | 1.737 14 15 
6 7 70 | 0.515 14 13 
7 6 $5 | 1.515 13 14 
7 8 65 | 0.622 13 12 
8 7 40 | 1.322 12 13 
8 9 60 | 0.737 12 11 
9 8 45 | 1.152 11 12 
9 10 55 | 0.836 11 10 
10 9 50 | 1.000 10 1 
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TABLE 2 


STATIONARY PROBABILITIES, Py 
OF THE 21 STATES 


States Pi States 
0 0.000 20 
1 0.000 19 
2 0.000 18 
3 0.001 17 
4 0.005 16 
5 0.015 15 
6 0.037 14 

7 0.074 13 

8 0.120 12 

9 0.160 11 
10 0.176 


Steps, were bas 
table of random numbers, 


dure was repeated 


information Source 


serially by Step, 
the target area. The 
to states was accomplis| 

The probabilities of 
the targets, irrespective 


3 The Stationary probal 


bilities, p. Should 
have been used to select 


the initia] 


1 States, 
since only under. these conditions are the 
stationary probabilities "the Probabilities of 


the system being in any given state at time,” 
i.e., any step 2; otherwise these Probabilities 
hold only after the System has gone through 
some large number of steps. 

*It may be noted that the sa 
tropies, ff, in Table 3 are 
distributed about А. This result is а con- 
Sequence of assigning equal Probabilities of 
choice to each of the 21 states when selecting 
the point of origin for each Path, rather than 
using the stationary probabilities. 


mple en- 
not normally 
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within the target area, are the stationary 
probabilities of the states. For purposes "€ 
evaluating S's performance, the targets di 
divided into two classes: high ош 
targets, those targets located in the t old 
States having the highest stationary B ER 
abilities; low probability targets, those den 
located in the remaining six states. qe 
three predictions for each path, $'5 eed ced 
each path was the frequency he pre Mer 
High and Low probability targets as the үз if 
likely terminal points of the path. Thu the 
two of the targets predicted by 5 were м 
Set defined as High Probability large pa 
one target in the set defined as Low | end 
ability Targets for that path, he was giv 
score of 2H; 1L, 


RESULTS AND DISCUSSION 


Path direction was included uae 
experimental variable to explore S's 
Possible influence of this factor on hat 
Performance. The data showed p 
this variable did not affect eget 
quency with which High b j 
Probability Targets were predic be 

erefore, this variable will not ve 
considered further, and to conser 


TABLE 3 v. 
Enrroptes, Ñ = hr/N, or THE 10 == 
PATHS For тне ТнкЕЕ SAMPLE SIZ 
(21, 24, AND 27 STEPS) AND THE 
ENTROPY or THE [INFORMATION 
Source 


(Н —— X Pipi Loc pio) 
i 


ft п 
Path No, ыы 
teps 
21 Steps | 24Steps | 275 
an 905 
1 901 .907 1812 
2 -780 -789 n 
3 -859 .865 7809 
i 775 .803 7857 
5 819 835 1.015 
6 .895 .952 "862 
7 .841 .843 ‘909 
8 :990 .918 "815 
9 778 .808 ‘901 
10 .891 .885 G 
| T lhe eg 


Hz Z Pipi log реу = -9628 
ij 
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Space the relevant data showing this 
result will not be given. 


ae Provide a framework for discussing 
ia variables considered to be significant, 
AS ypotheses that were entertained 
€ outset of the study will be stated : 
hi Hypothesis 1: Ability of Ss to predict 
gh probability targets will be greater 
E. low entropy paths than for high 
тору paths. 
ypothesis 2: As the length of the 
an sample size increases, the ability 
vill ris predict high probability targets 
€ enhanced. 
is Hypothesis 1 is based on the fact that 
to of a given sample size, low 
Rico paths, as compared with high 
ору paths, provide the S with more 
in ledge about high probability events 
the information source. Conse- 
jet, the S's ability to select targets 
o ated in states with high probabilities 
роц сштепсе should be enhanced. Hy- 
ae ud 2 is predicted on the proposition 
тесе] ES sample size increases, the 
abiline more knowledge about the prob- 
orn ies of events emitted by the in- 
abi aon source, and therefore, his 
y to select targets located in states 
will РЕ a high probability of occurrence 
ое enhanced. 
Were , Purposes of analysis the 10 on 
res, ênk-ordered for each length with 
Dect to their entropy and the 5 paths 
called ы entropy were grouped ana 
Temain: Low Entropy Paths, while the 
анаа 5 were classed as "High 
ch; РУ Paths." To test the hypotheses, 
Der, Square tests and differences between 
Centages were used. Where the chi 
eee test is used, the theoretical ex- 
Dr ed _ frequencies of the three high 
Sbability targets were defined as 33% 


of RU 
the total number of predictions (three 
of the total 


nine targets), while 67% | 
Greece, OF predictions (six of nine 

Sets) was defined as the theoretical 
cy for the low prob- 
Where differences be- 
Cent, d, the per- 
With 868 considered were the percentages 
pre Which high probability targets were 
(еа, Table 4 summarizes the data 
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obtained and the results of the chi square 
tests. These data will be discussed in 
terms of the hypotheses proposed. 


Hypothesis 1.—The column totals 
in Table 4 contain data relevant to 
this hypothesis. These data show 
that for Low Entropy Paths the Ss 
predicted high probability targets sig- 
nificantly more frequently than chance 
(x = 215.6,p < .001), while for High 
Entropy Paths the frequency of pre- 
dicting high probability targets did 
not depart significantly from chance 
(x? = 2.5, ns). As the data suggest, 
the percentage with which the Ss pre- 
dicted high probability targets on Low 
Entropy Paths (42.7%) as compared 
with High Entropy Paths (34.0%) 
is significantly different (CR=9.07, 
p < .001). 

Considering the Entropy columns, 
a further test of the hypothesis may 
be made by testing the differences 
between the percentages with which 
the Ss predicted high probability 
targets on Low and High Entropy 
Paths for each path length. This 
analysis produced the following re- 
sults: at 21 steps—Low = 40.0%, 
High=29.4% (CR=6.54, p <.001); 
at 24 steps—Low = 42.5%, High 
= 34.4% (CR = 4.87, p < .001) and 
at 27 steps—Low = 45.6%, High 
= 38.2% (СК = 4.37, р < .001). 
The results of these analyses are 
viewed as supporting the hypothesis. 

Hypothesis 2.—One set of data 
relevant to this hypothesis is found 
in the row totals in Table 4. Here we 
find that the Ss predicted high prob- 
ability targets significantly more fre- 
quently than chance at each path 
length (21 steps—x* = 4.5, р < .05; 
24 steps—x? = 45.9, p < 001; 27 
steps—x? = 121.2, p < .001). 

The increasing size of the chi square 
values as the number of steps increases 
suggests increased ability to make 


396 JULIAN O. MORRISSETTE AND WILLIAM H. PEARSON 
TABLE 4 
FREQUENCY OF PREDICTION OF HIGH AND Low PROBABILITY TARGETS 
BY PATH ENTROPY AND PATH LENGTH 
. Low Й Paths High Й Paths Totals 
Steps Targets 
Obs. Freq. | Exp. Freq. | Obs. Freq. | Exp. Freq. | Obs. Freq. | Exp. Frea 
21 | High prob. | 681 562 495 555 1176 pr 
Low prob. 1023 1142 1188 1128 2211 Я 
x2 = 37.4*** x? = 9.8** xX = 4.5* 
24 |Highprob.| 723 561 594 569 1317 1130 
ow prob. 978 1140 1131 1156 2109 2296 
х2 = 69,56 x = 1.6 x! = 45.9*** 
27 | High prob.| 770 557 649 560 1419 ит 
OW prob, 919 1132 1049 1138 1968 2270 
x? = 121.1*** x? = 20.9*** х = 191509" 
Totals | High prob, | 2174 1680 1738 
ы 1684 
Ow prob, 2920 3414 3368 3422 
x? = 215,6*** x= 2.5 
523r 
** < 001. 
accurate judgments, Tests of dif. 


ferences between per 
which high probability targets are 
predicted in paths of different lengths 
produced the following results: 21 
Steps = 34.7%, 24 Steps — 38.47 — 
CR=3.16, p <.003: 21 steps = 34,7%, 
27 steps = 41.9% —CR=6.10, p су?! 
24 steps = 38.4%, 27 steps < 41.997, 
—CR = 2.94, P «.0t. These data 
clearly demonstrate the hypothesized 
facilitative effect of sample Size on 
Ss’ performances, 


Another way of examining the ef- 
fects of sample size is to consider the 
data shown in the Steps X Path 
Entropy cells. Considering first Low 
Entropy Paths we find that the fre. 
quency of predicting high probability 
targets is significantly greater than 


centages with 


chance at each path length (21 I. 
X —374, p <.001; 24 erai 
--69.5, р <.001; 27 steps—x?= nce 
P < .001). Again tests of diea 
between percentages by path le! as 
show that performance improve tep* 
Sample size increased: 21 $ 
= 40.0%, 27 steps = 42.576" 
= 1.48, p < 970 (one-tailed tes j 
Steps = 40.0%, 27 steps = pi 5%) 
CR=3.29, Ь< 001; 24 steps 47035 
27 Steps=45.6% —CR=1.81, P <: 
one-tailed test), Е 
On the other hand, for Hi Ее 
ору Paths the frequency Be 
dicting high probability targe i 
Significantly less than chance ce at 
SEPS, Xè = 9.8, p < .01; at chance б. 
Steps, x? = 1.6, ns; and p^ 21 
cantly greater than chance а 
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Steps, x? = 20.9, p <.001. These 
data indicate that sample size has a 
facilitative effect even in high entropy 
Situations. As might be expected 
from the preceding data, differences 
between percentages with which high 
Probability targets are predicted in 
Paths of different lengths show the 
facilitative effects of sample size (21 
Steps — 29.4%, 27 steps=34.4%—CR 
= 3.14, p < .003; 21 steps = 29.4%, 
27 steps = 38,207 —CR — 5.43, p <.001; 
А steps = 34.402, 27 steps —38.205— 
= 2.32, p < .02). 

These data clearly indicate that as 
Sample size increases, performance 
Improves, This result is true for both 

igh and Low Entropy Paths. Hy- 
Pothesis 2 is considered confirmed. 

Though the analysis of the data 
Produced statistically significant dif- 
€rences consistent with the hypothe- 
Ses, Psychologically speaking, how- 
ever, the differences obtained were 
NOt of great magnitude. On the other 

and, the fact that statistically sig- 

nificant differences in performance 
Were obtained as Ê and sample size, 
V, were varied does indicate the 
""Portance of these variables. 
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THOMAS R. 


Fic. 1. Examples of flower 


in experimental problems, 


sent areas which were colo 
emphasis or counteremphasis,) 


Flower (tulip, daisy, Pansy, 


Leaf Position (2 left-1 right 6 


or green). 
Group C, the Principal 


performances were then compar 


performance of Group С. 


In the problems Presented to 


T1-T4, the relevant angle 
emphasized in one of three 


Group Т1, the irrelevant dimensio 


fixed so that only the reley, 


UU ss D 
Color, 
75° o 
g 5 60, 


aS 
^ 
^ 


oo, 


control group, 
Problem, 


Groups 
dimension was 


Ways: (a) For 
DS were 


ant angle varied 
during training; (b) For Group T2, th 


difference was doubled; (c) For Groi 


е angle 
ups T3 


TRABASSO 


and T4, color was constant and e 
contiguous to the angle dimension. neo 
Т5-Т7 had problems where the empha TS 
role of color was varied. For Group rie 
color was an emphasizer but irrelevant. de 
Group T6, color was an emphasizely Mal 
relevant. For Group T7, color wasa d wit 
emphasizer, located on the flower, шей. 
relevant. Groups T8 and T9 were er. 
groups for color. For T$, color ааш calon 
and located on the fixed angle. For T9, the 
was relevant and located on the flower; 
angle was fixed. г 
ет the Ss were 215 ow aa 
Psychology students at Мены to 10 
University who were randomly чш” Ss 
groups, each composed of 20 Ss. Г En 
failed to solve their training probler 
were replaced by Ss who did. 


RESULTS AND DISCUSSION 


; the 
The groups did not differ om 29, 
Practice problem, F (9, 205) nificant 
P > .05, and there were no signi e on 
Correlations between fk 
the practice and training pro ance 
In Table 2, the mean pen i- 
of each training and transfer Group 
tion is compared with that of the 
Or training comparso firs 
data are total errors made by th each 
Ss (solvers and nonsolvers) n are 
group. For transfer, the dat who 
total errors made by the 20 55 each 
Solved and were transferred in 
group, А 
Training —The three basic ys z 
sizer groups, T1-T3, leant аа 
cantly faster than Group C. , s for 
ing the irrelevant dimension uisi" 
Group T1 led to the fastest ference 
tion; doubling the angle gi ang 
or Group T2 and coloring the rs 
red for Group T3 reduced ае еў 
One-half and one-third, ee oF 
reen had no emphasizer € s 
TOup T4, possibly because & stem? 
Strongly associated with flower t 
Whereas red is not. no 
Group T5 learned slightly e es 
Significantly faster than yee by 
fnerally, learning is retar 


ha- 


Cow 


STIMULUS EMPHASIS IN CONCEPT LEARNING 
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TABLE 1 
EXPERIMENTAL PROBLEMS 
Stimulus Description 
Group Nature of Emphasis 
Flower, Leaf 
Angle Color Position, and 
Leaf Shape 
B 
c Relevant Absent Irrelevant | None 
Ti Relevant Absent Constant Irrelevant cues fixed 
T 2 Relevant Absent Irrelevant Angle difference doubled 
T3 Relevant Constant Irrelevant | Angle colored red 
T4 Relevant Constant Irrelevant | Angle colored green 
Т5 Relevant Irrelevant Irrelevant Angle colored red or green but 
color uncorrelated with angle 
T6 Relevant Relevant Irrelevant Angle colored red or green but 
color correlated with angle 
T7 Relevant Relevant Irrelevant Flower colored red or green but 
. color correlated with angle 
T8 Constant Relevant Irrelevant | Angle fixed and colored red or green 
T9 Constant Relevant Irrelevant Angle fixed; flower colored red or 
green 
added irrelevant cues so that the their controls, Groups T8 and T9, 


Observed facilitation indicates that 
d © emphasizer role of color pre- 
9minated, Thus, it seems possible 
E add an irrelevant dimension which 
Tves as an emphasizer and hence 
ас ате learning. 
бш was more salient as a 
mad angle. Both Groups T8 an 
ro, Significantly fewer errors than 
ай P C. Angle and color cues seem 
m itive since Groups T6 and T7 
ade numerically fewer errors than 


which had only color relevant or 
Group C which had only angle 
relevant. 

Transfer.—Groups T1-T5 showed 
nearly perfect transfer to the problem 
of Group C. Thus, an emphasizer 
which could not serve as the basis for 
a correct solution had no disruptive 
effect when removed on transfer. 

Training Ss on an easy problem 
with redundant and relevant cues 
was not efficient. Apparently, most 


TABLE 2 
MEANS AND SDs OF ERRORS IN TRAINING AND TRANSFER 
гаша Transfer 
Group 
E Mean SD Мын EH S 
G 0.51 

Б 19.50 1506 7.07 040 135 =: 
T2 8.35 9.07 3.60 0.20 0.62 ES; 
T 8.35 1179 2:00 0:00 0:00 = 
T 1245 na 0.03 0.05 0.21 = 
TS 255 12:99 1.31 0.00 0.00 =% 
т? 4.65 531 6.10 16.45 14.45 0.76 
T? 2 3.59 6.90 2345 12.14 113 
n 105 829 5.13 20:10 13:86 0:15 
18 405 BE 612 19.75 14.01 0.06 


` 

A Р 

"St отратей with Group С, Lor = 2.04, df = 30. 
Stical test unnecessary. 
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Ss in T6 and T7 solved their training 
problem on the basis of color since 
these groups showed no significant 
transfer to the Group C problem and 
the control groups, T8 and T9, did 
not differ on transfer from Group C. 
For Group T6, 5 Ss showed perfect 
transfer; only 1 S did so in Group T7. 


To summarize, these results extend 
Lawrence's (1952) finding to two-choice 
concept identification. Training on an 
easy problem and transfer to à hard one 
with the same relevant cue is more 
efficient than training on the hard one 
alone, provided that alternative solu- 
tions are not present during training. 
The data also Suggest that the degree 
of efficiency depends upon the kind of 
stimulus emphasis employed. 

A logical distinction between a stim- 
ulus' saliency as а cue and its saliency 
аз an emphasizer should be made. To 
be a cue, a stimulus has to have at least 
two values, whereas àn emphasizer may 


t of a cue can 


ant, i.e., had no 
but an emphasizer effe 


An emphasizer w, 
maximal effect whe 
is embedded and dis 


cue value, 
ct was observed, 
ould seem to have 
n the relevant cue 


similar to other cues, 
A reconsideration of the present Problem 


suggests that the flower patterns, with 
distinct but similar angles, were not 
optimal configurations for finding a 
strong emphasizer effect with color, 
The Group C problem was difficult both 
because the angles were similar and 
irrelevant stimuli were Present, A 
larger emphasizer effect was obtained by 
either removing irrelevant cues or doub- 
ling the angle difference than by color 
emphasis. Hull's (1920) procedure of 
coloring the embedded radicals in the 
Chinese characters apparently provided 
more opportunity for an emphasis effect 
by color contrast. Apparently, an em- 
phasizer has its effect on the probability 
of S attending to a dimension and not 
on discriminating one value from another, 


TRABASSO 


Presolution analysis.—The Dem 
tion phase is the sequence of er fus 
and successes made by S prior to al 
last error. To compare incremen i 
with all-or-none theory, Monte e. 
computations were made on ating 
retical learning curves exactly TU 
the Bourne-Restle (1959) model di- 
values of Ө > .01, estimated Stat 
Yidually for 222 "Stat-Ss," The Stat 
Ss correspond directly with Ege ihe 
experiment and were. "run 
Same criterion of learning. ‘lit: 

The hypothesis that the pr ne 
of an error was stationary as e be- 
by comparing error Lore e of 
tween the first and second re 
the presolution phase for ас ait ‘or 
expected from all-or-none the de 2 of 
the 176 Ss who solved and ge half 
more errors, the averages M mean 
were nearly equal: 4.90 and 5. = 135 
errors, respectively, ¢ (175) e more 
Р > 18. First half errors were Ding 
frequent for the Stat-Ss, ae 0.22) 
7.26 and 5.16 errors, 4 (147) 

P < .0t. 


in 

rested 1 

Stationarity was further vility of a 
two ways. First, the probabilit the 


ing in 
je ing ! 
Success, conditional on 5 being ^ for 


: ted 7 
Presolution phase, is ap trial 
Solvers against trials (for 

blocks) in Fig: 2a; onary, 


The data in Fig, 2a are ony chi 
Over some 60 trials. Usi аре 
Square test (Suppes & -ationa 
1961), the hypothesis of station’; 
Was not rejected, х? ag for 
0 > 802 but was rop 
Stat-Ss, y: (11) = 38.88, (au CO? 
To test d ШШ, Kendall триб 
cients (Siegel, 1956) were cs ONES 
tween the p values and : in p 
Significant trend was note pr 
data (r = — 17 z = 0.77, al proh 
While the Stat-Ss condition E 
abilities tended to increase (7 
8 — 1.50, p > .13). 


yes 

А сиг 
n 

Second, backwards learning 
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TABLE 3 


TRANSITION FREQUENCIES FOR INDEPENDENCE 
TEst: FREQUENCY OF SUCCESS OR FAILURE 
ON TRIAL п + 1 GIVEN A SUCCESS 
OR FAILURE ON TRIAL 7 


Conditional 
Probability of 
Success on Trial 


Trial n 1 


Success | Fail ntl 

Trial n 
Success | 1575 | 1594 .497 
Fail 1614 | 1697 487 


(Hayes, 1953) obtained for 220 solvers 
and the Stat-Ss are shown in Fig. 

The hypothesis of stationarity 
Was not rejected on the data, x? (23) 
= 21.66, p > .50; but was rejected 
On the Stat-Ss, x (23) = 133.55, 
P < 101. No significant trend was 
found in the data (т = .17, 3 = 1.19, 
b > .23) but it was significantly de- 
Creasing for the Stat-Ss (7 = 74, 
2 = 5.09, р < .01). These results 
Clearly favor the all-or-none inter- 
Pretation, 

Independence of trials was tested 
9n the data by comparing frequencies 
9! a success or an error on Trial nl 

Ollowing а success or an error on Trial 
? during presolution for all Ss. Chi 
SQuare tests (Suppes & Ginsberg, 
961) were not significant for 10 
training and four transfer groups. 
he combined data from all groups 

аге given in Table 3. 
he transition frequen 

Were independent, x 

эр. > 


„Error distributions —The pe 
distribution of total errors to so 
is geometric (Restle, 1961, 1962). Non- 
Solvers, in the present study, should 
Produce a binomial distribution with 
Probability of an error near one-half 
‘Or 64 trials, The complete distribution 
15 thus a combination of geometric dis- 
tribution (for solvers) and a binomial 
‘stribution (for nonsolvers). Estimates 

c, the learning parameter, must take 


cies in Table 
(1) = 0.59, 


etical 
ution 
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2a. Percentage of correct responses conditional 
on S being in the presolution phase. 
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X LL LL LL LL LLL ые 
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TRIALS BEFORE CRITERION 


2b. Backwards learning curve showing per- 
centage of correct responses on trials prior to 
criterion. 


Fic. 2. Stationarity curves. (The data 
points are from Ss who solved in either train- 
ing and/or transfer.) 


into account both types of Ss. If N, 
Ss solve and there are T total errors 
made by a group, then the maximum 
likelihood estimate of c and its variance 
can be shown to be (Trabasso, 1961) 


ê= N/NTT L1] 
and 


Estimates of c were obtained for 10 
training and 2 transfer groups, T8 and 
T9. Four groups, the training of C 
and T4 and the transfer of T8 and T9, 
totaling 86 Ss, gave identical estimates 
of c — .035. For comparison, the learn- 
ing rate (0) of these 4 groups was esti- 
mated from the Bourne-Restle model 
and found to be .067. Monte Carlo 
computations were made on a theoretical 
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—.201. The remain- 
3 етот should learn with c 
= 035. Thus 20 x 237 = 4.72 Ss 
should make no errors; five were ob- 
served. Expected errors (using Group 
Т8'5 control data) were 20.10 X .799 
— 16.07, not significantly different from 
the 16.45 observed (£—0.12). 

Similar calculations hold for Group 
T7. On transfer, 1.66 Ss were expected 
to show perfect transfer; 1 did. Pre- 
dicted mean errors (using Group T9 
аз a control) were 18.11, significantly 
different from the 23.60 observed 
(t = 2.09). Thus, whereas slight posi- 
tive transfer was expected, mild negative 
transfer was observed. The result may 
be due to sampling variability (note 
large o’s in Table 2) or to Ssin T7 con- 
tinuing to look at the location (flowers) 
which previously bore the relevant colors 
(now absent). The second possibility 
seems ruled out by the transfer result 
of Group T9, 

Since one transfer prediction is in 
error, these results do not conclusively 
favor Restle's theory. They do, how- 
ever, indicate the usefulness of the 


theory as a baseline for evaluation of 
transfer. 


not to say that al 


а process, 
àn increase in problem 
ning conjunc- 
; Would lead 
sembles an 
However, at pres- 
ent, it is not clear whether learning in 
such cases would be in fact incrementa] 
or à compounding of Possibly two or 
more all-or-none processes (cf. Theois, 
1963). The issue is still to be decided. 
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PERCEPTION AND SHORT-TERM MEMORY 
IN THE IDENTIFICATION OF 
MULTISYMBOL DISPLAYS? 


WARREN H. TEICHNER 


University of Massachusetts 


It has been suggested that a direct estimate of the amount of immediate 


forgetting in responding to multisymbol displays may be obtained as 
the difference between the spans of perception (a count of the symbols) 


and of short-term memory (number of named symbols). 
was designed to determine whether 


An experiment 
the procedure used to obtain this 


difference produced an artifact due to differences in sets rather than a 


memory measure. 


The results failed to support this possibility. 


They 


did suggest that the accuracy of naming is increased when S both counts 
and names. In addition, the results, extending those of previous studies, 
suggested that both spans may become asymptotic with slightly more 


than 9 displayed symbols. 


Miller (1956) has reviewed evidence 
Supporting the notion that the basic 
low capacity of man to process in- 
formation is the result of limitations 
1 perceptual spans and in the span 
of short-term memory. This two- 
Process distinction has had long ac- 
Ceptance (Woodworth & Schlosberg, 
1954), but until recently (Sperling, 
1960; Teichner, Reilly, & Sadler, 
1961) no effort seems to have been 
made to establish the distinction 
in terms of a set of experimental 
Operations. : 

The procedure suggested by Teich- 
ner, Reilly, and Sadler (1961) and 
Teichner and Sadler (1962) for dis- 
tinguishing between perception and 
Short-term memory makes use of two 
Independent S groups, each with dif- 
ferent instructions. One group 15 
required to name the different letters 
(categories) on priefly-exposed multi- 
letter displays without regard to the 
rried out under Con- 


United States 
Port Wash- 


7 1 This research was са 
гасе N61339-588, with the 
Naval Training Device Center, 


ington, N. Y. | | . 
Benjamin Naylor assisted in this experi- 
ment. 


density of repetition of the letters 
(naming group); the other is required 
to report the number of different cate- 
gories, also without regard to their 
density (counting group). The per- 
ceptual process is assumed to be 
identical for the two groups. That is, 
since both groups must report letters 
without regard to density, both groups 
must discriminate each displayed 
letter in order to reject letter repeti- 
tions. Thus, the perceptual task is 
assumed to be the same whether the 
letters are to be counted or named. 
Similarly, the requirement for recog- 
nition of what has been seen is as- 
sumed to be the same during the 
exposure period. The two groups are 
assumed to differ primarily in regard 
to their reproductive memory load, 
ie. after the display has been re- 
moved one must recall only a digit 
whereas the other must recall the 
names of the letters. 

Rather than represent a perception- 
memory distinction, differences in the 
number of categories reported by the 
two groups may be due simply to 
differences between a counting set as 
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to a naming set. If so, 

зе З ААА тя that тоге letters 
might be reported with à counting set 
than with a naming set.’ Other set 
variables may also be involved. For 
example, in the previously cited ex- 
periments Ss were given no instruc- 
tions one way or the other about 
guessing. If they had been encour- 

aged to guess or provided with a 

guessing penalty, they might have 

reported different numbers of cate- 

gories. It appears important, there- 

fore, that, before continuing use is 

ption-memory dis- 
tinction, these set variables be inves- 


Counted letters 
when Ss were required both to name 


and count and when they did only 
guessing set vari. 
In addition, 
d to extend 
number of 
Y extending 


Over that 
used in previous experiments, 


Метнор 


Apparatus.—The apparatus was 
that used by Teichner, 
(1961). 
used. These varied in number о 
Density, defined 
quency of occurrence of each Category, was 
1, 3, or 5 and was constant for all categories on 
a given slide. Thus, there were 15 density- 
category combinations, Each of these com. 
binations was replicated 10 times with a 
unique random sample and random letter 
locations to make up the 150 slides, Exposure 
time was 1 sec. ; interslide interval was 10 sec, 

Procedure.—F orty-eight Ss Were assigned 
randomly to eight groups of 6 Ss each, Each 
group was run as a whole through the entire 
150 slides in a single experimenta] Session, 


as the fre. 


? First suggested to the writer p 


е wr Y Douglas 
Ellson (personal communication), 
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The slides were presented in a random sede. 
which was the same for each group. _ Prior Ms 
the experimental slides, 2 sample slides be. d 
Presented for practice. Using a prep: in 
data sheet, S recorded his own response during 
the interslide interval. 

Prepared instructions were read to Bs 
group. Four groups were instructed we. 
accurate as possible in their reports. yin 
groups were also informed that e ed 
Sponses would not be counted n any 
and they were urged to guess if they fe aieo 
uncertainty. Four other groups br but 
instructed to be as accurate as possib d Бе 
Were told that wrong responses wou they 
counted heavily against them and that 
should not guess at all. iod 

The guess and no-guess groups uM 
the same instructions for counting an un 
ing. Within each of these two major Е the 
there was а group which reported on ins Ге 
names of the letters, Similarly, there cael 
two groups which reported only the nu ёа 
Of letter categories, In addition, e uem 
two other subgroups within each of the 5 
апа no-guess main groups: (a) a NN 
recorded the names of the letters E ters 
immediately reported the number of d the 
and a group which first reporte! The 
number of letters and then their names. e of 

5 Were never informed about the p. 
Categories and densities пог were they 8! 
knowledge of their performance. 


TABLE 1 


ER OF 
ANALYSIS ор VARIANCE ОР N CON x 
LETTERS КЕРОЕТЕР py THE COUNT! 
Gnours iN Exp. I 


F 
Source df | MS | ^" — 
Between Sg total (S; 35 94 
Guess va. No-Guess (G) | 1| 4.40 0.250 
Отчет (N) 2 aedi 1:705 
weiNc 30 [15.089 3 
ithin-Ss tot, 04 2: 
Density (Ту E 2| 1.925 3047099 
Category (С) 4| 6.747 4.233" 
DXC 8| 0.326 1.872 
G XD 2| 1.975 0.351 
G xc 4| 0.065 | 1'504 
DXN 4| 1.682 1:324 
€ XN 8| 0.245) Lope 
GXDxc 8| 0.391 1:054 
£ XN XG 18| 0.195 | 1:701 
DxCXN 16| 0.131) 3:246 y 
DXN XG 4| 2.370) 31792 
DXCXNxc 16| 0.292 | 3. 
$ XD/NG 60| 1.055 
$XC/NG 120 | 0.185 
S XD XC/NG 240| 0.077 


"p < 001, 
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TABLE 2 


ANALYSIS OF VARIANCE OF NUMBER OF 
LETTERS REPORTED BY THE NAMING 
Groups IN Exp. I 


Source df| MS F 
Between-Ss total (S) 35 
uess vs. No-Guess (С) 1|.0327 | 1.466 
Qrder (N) 2| 10740 | 3.318* 
xN 2 | 0204 | 0.915 
wX G XN 30| 0223 
Within-Ss total 504 
Category (C) 4| .0432 | 54.000*** 
Density (D) 2| 0050 | 5.000** 
Єх 8| 20022 | 3.667** 
ES 4 | 10000 | 0.000 
xD 2| 0008 | 0.800 
Nxc 8|:0008 | 1.000 
NXD 4| 10024 | 2:400 
SXExDp в | 0011 | 1.833 
NXCXD 16 | :0004 | 0:667 
SXNXC 8| 20015 | 1.875 
GXNXD 4 | 10017 | 1:700 
SXNXCXxD 16 | :0009 | 1.500 
$ XC/GN 120 | :0008 
$ X D/GN 60 | 0010 
XC X D/GN 240 | :0006 


st Subjects — "The Ss were undergraduate 
k b dents from an introductory psychology 
ех 55. No S had participated in any previous 

Periments, Each group of 6 Ss competed 


a : Г 
у $3.00 its own members for a cash prize of 


RESULTS 


Because of the complex nature of 
pe and within-group compari- 
m 3, an analysis of variance, sum- 
кед in Table 1, was performed 
by the number of letters reported 
ап ге counting groups and another 
1 alysis of variance, summarized in 

€ 2, was performed on the num- 
M ОЁ letters reported by the naming 
Sig "Ds. In neither case was there a 
an nificant difference between guessing 
the NOt guessing, even though both 
na number counted and the number 
Slight were consistently, though only 
Com tly greater, with guessing as 
Pared to not guessing. 
or ' Order effect (i.e., counting first 
fop Ming first) was not significant 
* counting group and was just 
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significant at the .05 level for the 
naming group. For the naming group 
both categories and density were 
significant at least at the .01 level as 
was the interaction of these two 
variables. For the counting group, 
categories and the interaction of cate- 
gories with density was significant at 
or beyond the .01 level, but the main 
effect of density was not significant. 
Thus, these analyses suggest that 
the set variables had no effect at all 
on the performance of the groups, 
but that the order of counting and 
naming may have had an effect on 
the number of letters named. 

Figure 1 was prepared to examine 
the order effect more closely and to 
compare the general differences be- 
tween naming and counting with 
regard to the number of letters re- 
ported. The data presented are 
averaged over guessing conditions 
and densities. The straight line rep- 
resents perfect performance; i.e., this 
line represents the result that would 
have been obtained had the Ss re- 
ported exactly the number of letter 
categories presented. The results are 
clear in showing that both naming 
and counting produced an increasing 
underestimate and that in both cases 
the trend of number of letters reported 
was increasing but at a very slow 
rate. With regard to the different 
orders of naming, it can be seen that 
accuracy was greatest in order of 
naming first, last, and only. These 
differences which are just significant 
at the .05 level are very small and 
all of less accuracy than the number 
of letters counted, which is presented 
as the mean value across all three 
counting orders. To test the hy- 
pothesis that the naming data were 
less accurate than the counting data, 
as shown in Fig. 1, ¢ tests of the over- 
all differences were performed for each 
order condition. That is, the differ- 
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TED 
NUMBER OF LETTERS REPOR 


E— MEAN COUNT 
0—0 NAMING FIRST 
0—0 NAMING LAST 


NAMING ONLY 
9 
M $ 7 8 
CATEGORIES 
Fic. 1. Number of letters named with three naming conditions 
compa; 


ence between namin 
ing only was evalu 
differences between 
counting first and n 
counting second. 
was less than .005, 
less than .05, and in the third Case 
less than .0001. Thus, it Seems clear 
that the differences between counting 
and naming represented by the dif- 
ferences between the mean countin 
line of Fig. 1 and each Naming line 
were not random effects. 
Figure 2 shows the avera 
of letter categories and d 
the number of letters n 
2a) and on the percentage 
named letters (Fig. 2b). 
recalled that for the numbe 


g only and count. 
ated as were the 
naming first and 
aming second and 
In the first case, p 
in the second Case 


ве effects 
ensities on 
amed (Fig. 
of Correctly 
It will be 
r of letters 


ted to the number of letters counted. 


А ificant 
counted density was not a pon б 
effect, Figure 2 suggests ffect 
barely significant. density * be give” 
tained for naming should wp meas 
much weight. For both of among 
ures shown the differences ot SY9 
densities were small and n Ee 
tematic, On the other po e 
number of letters пайё@ Ve s 
increase slightly with an 17 where?" 
the number of categories; rectly 
the Percentage of apt steep’ 
named decreased in a fairly 


ob- 


jo 
linear fashion f ordc 
3 о s 

Figure 3 shows the ac , b 
9n accuracy, As with Fig. e 


Sure suggests an лен si! 
decline of accuracy wit "phis 
numbers of categories. 
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also shows that the requirement to 
Count as well as to name aided ac- 
Curacy of naming since the poorest 
Performance was obtained with the 
Condition in which Ss only named 
the letters, 


DISCUSSION 


The results suggest that of the set 
factors studied only the effects of order 
of naming or counting on the number of 
letters named might have an effect on 
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the perception vs. short-term memory 
distinction. This effect was barely sig- 
nificant at the .05 level; it was not large 
nor did it have a substantial effect in 
reducing the differences between count- 
ing and naming. Interestingly, this 
result suggests that when S is required 
to count as well as to name, his naming 
performance is aided and this is true 
both in terms of the number of categories 
reported and their accuracy. The re- 
verse effect was not true, i.e., being re- 
quired to name the letters had no effect 


NUMBER OF LETTERS NAMED 
> 


= 


1, 
La E 


o 
o 


7 


CATEGORIES 


65 


60 


55 


50 


45 


40 


* LETTERS CORRECTLY NAMED 


A. 
DENSITY 
о——о |! 
0—0 3 
o—<s. 5 


CATEGORIES 


B. 


Fic. 2. Effects of density and categories on the number 
of letters named and the accuracy of naming. 
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LETTERS FIRST 
LETTERS SECOND 


LETTERS ONLY 


Y 8 Э 


CATEGORIES 


Fic. 3. Accuracy of naming with three naming conditions 
as a function of categories, 


on counting. As a hypothesis, it is 
possible that the slight additional 
ory load represented by the cou 
the letters was more than offset by the 
count which may have provided S with 
a standard for evaluating his own recall 
and, thereby, modifying it. 
case, the effect is small, and particularly 
in view of the finding that it aids rather 
than hinders naming performance, it 
does not seem to provide a basis for 
rejecting the procedure of taking the 
difference between naming and counting 
as short-term forgetting. It does sug- 
gest that the absolute size of the differ- 
ence will be affected slightly if 5 must 
do both. 

Previous studies (Teichner, et al., 
1961) have shown that for a 1-sec. ex- 
posure time, as used here, density has 
no effect on performance. 


mem- 
nt of 


In any 


The present 


me 
г in 
results tend to bear this out agai” 


me 
though the density effect for Qum of 
Significant at the .05 level. in nsyste- 
the smallness of this effect, its no evious 
matic nature and the results of Po den- 
studies, the present significance, serious 
sity would not appear to warran 
consideration, sous ones 
This study differed from previo ranged 
in that in this the letter categories 6. 
from 5 to 9, rather than from found 
In the previous studies it M: rmance 
that the accuracy of naming рег ; numbef 
was inversely proportional to t И! letter? 
of categories, while the number timated 
counted and named first overe? 


er- 

ct PM 

and then underestimated pet trans 
formance or perfect informatio ný 


CNN re 9 

mission. The present dana “umber 
Sistent in showing that as t ws nine 
of categories is increased ир 
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the size of the underestimate increases. 
Further, inspection of the data suggests 
that the number of letters reported 
appears to be approaching an asymptote 
somewhere shortly beyond nine letters. 
The increasing underestimate, then, ap- 
реагв to be the result of a failure of 5 
to keep increasing his estimate as the 
amount of information presented in- 
Creases rather than simply a failure to 
Increase it enough. 
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A COMPARISON BETWEEN 


NONCORRECTION 


CORRECTION AND 
METHODS IN DRIVE 


DISCRIMINATION : 


NORMA F. BESCH, HERMAN 


Columbus Psychiatric Institute 


The hypothesis that 
tion experiments 


MORRIS, AND SEYMOUR LEVINE? 
and Hospital, Ohio State University 


the use of the Correction method in drive discrimina- 
ontributes to the 


T maze was used for the training of 30 rats ina 
hunger-thirst discrimination for à socia! 
for the Ss of the Correction group, whi 


reward side after an incorrect choice, Only the 


slow learning found in these situa- 


lreward. No learning was found 


ch were allowed to retrace to the 
Ss of the Noncorrection 
nfined in the incorrect arm of the 


tions where differential exteris E 
аге held at a minimum, it seems lik e 
that the correction method aoe . 
inferior to the noncorrection pe 

he only evidence consistent ke 
this hypothesis is not comers er 

Sing a noncorrection method, vue 
(1935) found considerably faster "n 
ing than Hull (1933), who had 


imilar 
; & standard € Correcti in a sim 

: ou d ection method in 
procedure in drive discrimination experimental arrangement. 
experiments, contributes to the dif- 

ficulty in establishing learning in these METHOD 

Situations, In а review of the drive 


Kalish (1946) demonstrated the 
noncorrection Over 
hnique in a Spatial 
in which differen. 


periority of the 
the correction tec 
learning situation 
tial external cues were absent, 
drive discrimination learning sit 


In 
ua- 


ue 
Subjects — Thirty male rats of the Speyer 
aWley strain from 90-110 days О ach 10 
used as Ss, They were assigned 10 rrection 
One of three groups designated as Co d Non* 
» Noncorrection Mesh (NC-M), an 
Correction Alley (NC-A). [ the ap" 
Paratus—'The floor plan 9. shown I 
РТА в which was 7 in in depth is 5 d arms 


+ n М 
Fig. 1. € starting section, stem, at black: 
of the pine т maze were painted red wit 


floors of these sections were раа yith 
MiDDCr Matting; the top was соу һе 8981 
hinged Pieces of clear Plexiglas. digas; f 

boxes were Constructed of black Plex!8?° гре 


; r to 1 val of 55. ad 
1This research was Supported in part by mesh sxe hinged for easy DE steel? hinge d 
Grant 04456 from the National Science doors Qu the tte fue есй od goal 
Foundation. fo of t itions in the £9, 
2 Now at Department of Psychiatry, Stan, р Temoval of 5з. The partiti nd could ре 
П H 'OXes Were of c] Plexiglas a de t 
ford University. of clear tsi 


u 
Temoved or locked in place from o 
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goal boxes. The partitions were moved 
through narrow cutouts in the walls of the 
goal box, One-way doors, 4 in. high and of 
black Opaque Plexiglas, served as the en- 
trances to the goal boxes; these doors could 
be locked from outside the goal box by the E. 
All other doors, which were guillotine doors 
of black Plexiglas, were operated from behind 
the start box, by means of a pulley system 
made possible by steel crosspieces above the 
maze. 

Illumination was provided by a partially 
blackened 15-w. bulb placed behind the 
Choice point and approximately 6 in. above 
the top surface of the maze. The maze was 
rotated approximately 45? in a clockwise or a 
Counterclockwise direction randomly over 

ays, 

Model 330S of the Photo Contact Relay, 
Hunter Manufacturing Company, Incor- 
Porated, was used in the timing circuit. The 
light was provided by three well-shielded 3-w. 
amps mounted on the outside of the ap- 
Paratus directly opposite the units. _ The 
light passed through round holes, .5 in. in 

‘ameter, which were covered by Wratten 
filters, No, 88A. When an S interrupted the 
infrared beam activating a photocell, 3 in. 
from the start-box door, a Standard Electric 
Clock started. The clock was stopped by the 
interruption of one of the beams activating 
Опе of two photocells, each located between 

e choice point and a guillotine door, 1 in. 
rom the guillotine door. 

Procedure,—The Ss were given 10 days 
habituation to the hunger and thirst schedules 
Which were used during the experimental 
Phase, Hunger and thirst days were assigned 
randomly for the 10-day Habituation Period 
and the 69-day Experimental Period, with the 
restriction that no more than 3 hunger or 

irst days would occur in succession. The 
daily Habituation and Experimental Periods 
COnsisted of three successive 2-hr. periods. 

he second 2-hr. period was reserved for the 
experimental treatment; no food or water was 
Present during this period. On hunger days, 
uring the first 2-hr. period, Ss were given 
ree access to water in individual feeding and 


vinkin rtments. During the third 
"hr, feted, Quy were fed their daily ration 
Odi gm. of Purina kibbled meal; free access 
О water was given in the last hour. On 

irst days Ss were given 5.5 gm. of meal at 

* beginning of each hour of the first period; 
Tee üccess to water was given during the 
thirg Period. Thus the hours of deprivation 
at the time of testing were 20 hr. for water 
and 20 or 24 hr. for food, on thirst and hunger 


ays, respectively. Every seventh day of the 
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Fic. 1. Floor plan of apparatus. (S, start 
box; M, mesh sections; G, goal box; P, parti- 
tion; Doors: shown by dashed lines.) 


Experimental Period during the last hour of 
the third 2-hr. period, Ss were given access to 
an unlimited amount of food with water 
present. No experimental treatment was 
given on the following day; therefore, in the 
69-day Experimental Period there were only 
60 experimental treatment days. 

In addition to the ad lib. feeding every 
seventh day, Ss were fed fruit three times a 
week, immediately after being returned to 
their home cages. On the regimen used, Ss 
were at 95 and 100% original body weight, 
respectively, on the last day of the Habitua- 
tion Period and the last day of the Experi- 
mental Period. 

On the final day of the Habituation Period, 
Ss were placed in the apparatus and allowed 
to explore freely for 5 min. The initial choice 
of a right or left turn was recorded. Within 
the categories of right and left turners Ss 
were assigned randomly to experimental 
groups. Three trials were given on Day 1 of 
the Experimental Period; six trials a day 
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were given thereafter. The running order for 
the Ss was assigned randomly at the be- 
ginning of the experiment and remained 
constant thereafter. The intertrial interval 
was approximately 10 min. The Ss were 
housed in group cages until Day 52 of the 
Experimental Period or Treatment Day 46, 
after which they were housed in individual 
cages. 
The discrimination problem consisted of 
turning right when hungry and 
thirsty for a social reinforcement, 


1 5 меге поё allowed to retrace 
and received the reward on 


initial responses, 
NC-A S: 


of the alley for 30 sec, 


SES 


о 
o 


PERCENT CORRECT RESPON: 
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o 


FIRST DAILY TRIALS IN SIX DAY BLOCKS 


Fic. 2. Percent correct Tesponses on first 
daily trials in 6-day blocks, 


N. F. BESCH, H. MORRIS, AND S. LEVINE 


this behavior the 
experiment. | 

The decision was made to terminate the 
experiment on Experimental Treatment pay 
60 or 84. If one or more groups of Ss ha 
been Performing above 70% for 4 wk. or more 
at Day 60, the experiment would be ter- 
minated. If the criterion had not been n 
the experiment would be continued unti 
Day 84. This decision was partly based ой 
Levine's (1953) finding that his Ss ha 
reached asymptote when they were averaging 
5% correct responses. 


persisted throughout 


RESULTS 


The percentage of correct responsa 
for all groups in successive blocks ч; 
Six first trials is shown in Fig.2. А 
least for. the NC-A group, learning 
Appears to be present in the last 06 
6-day blocks. Thus for group com 
Parisons, the number of correct v 
SPonses in the first буе and the lasi 
five 6-day blocks for each S is рге 
Sented in Table 1, For ease T 
comparison, Ss are ranked in er 
group according to correct responi 
In the last five 6-day blocks. e 
the assumption that the probability 
of a chance success on a single tria 
is .5, the Bernoulli theorem was P 
to compute for each animal the pro 
ability associated with the number i 
correct responses in 30 trials. beo 
the number of correct responses hes 
yielded Probability values at or beled 
the .05 and .01 levels are indicated He 
ТаЫе 1. While 9 of the Ss in ШУ 
МС-А Sroup performed significan o 
above chance during the last the 
6-day blocks, only 3 and 1 in ly, 

~ and C groups, respective 


3 8 How- 
gave any indication of learning. e is 
ever, if the last four 6-day block 
used fo, 


r the а is, significant Т 
Values аге Seton ee the per o e 
ance of 4 or the NC-M Ss while in 
results {ог the other groups rem o 
the same, According to Wilkins 
(1951) 4 or more significant ($ < sig- 
Statistics out of 10 possible are 
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TABLE 1 


Correcr Responses ror EACH ANIMAL ON 
THE First DAILY TRIALS FOR EACH 
HALF or THE LEARNING PERIOD 


No. Correct Responses 


Group C Group NC-M Group NC-A 
Da Day; уз | Days | Day: 
1-30 31=60 Pag be^) 1-30 | 31-60 
27** | 20* | 1g 24** | 16 | 24** 
13 19 |22* | 20* | 12 | 24** 
16 17 |47 20* is | 238 
14 17 [3437 19 19 | 22** 
15 16 | 13 19 18 | 22** 
14 16 | 19 18 14 | 22** 
16 15 | 19 18 18 | 21* 
15 15 | 17 18 16 | 21* 
15 14 | 15 16 12 | 21* 
16 12 ү 14 16 | 18 
i5 «05. 

“> c o. 


hificant at the .001 level of confidence. 
€ percentages of correct responses 
for the Ss in the last five 6-day blocks 
Were transformed by the arc-sine 
Method and subjected to a simple 
analysis of variance. The main effect 
groups was significant, F (2, 27) 
15.57, р < .001. According to the 
Ё tests, all three groups differed sig- 
nificantly (p < .025) from each other. 
,. In order to examine possible track- 
Ng behavior, the: number of correct 
Fesponses on the first daily trials was 
arranged in the same order in which 
the Ss followed each other in the 
Xperiment, From an inspection of 
the data, it did not appear that the 
"ümber of correct responses was re- 
lated to running order. Since a 
Constant running order was used, 
18 not possible to adequately evalu- 
ate tracking behavior in the present 
Xperiment. However, if the number 
Same or different responses was the 
‘ame for Ss which were adjacent in 
€ running order, the occurrence of 
facking behavior is not likely. The 
tst daily trials of Days 1-25 were 
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used for the comparison since per- 
formance averaged 53% correct dur- 
ing this period. The average percent- 
age of same responses during the period 
from Days 1-25 was 54%. Summing 
over trials, the SD for adjacent Ss 
was 9.7% and summing over Ss, the 
SD for trials was 10.4%. It may be 
concluded that, at least in the early 
portion of the experiment, tracking 
behavior was not exhibited. 
Alternation from a correct response 
on Trial 1 to an incorrect response on 
Trial 2 of each day did occur in all 
three groups. The percentage of Ss 
alternating from correct to incorrect 
increased from a chance level in the 
first week of the experiment to high - 
levels in the following 5 wk. followed 
by chance levels in the last 4 wk. 
More specifically, the C, NC-A, and 
NC-M groups, respectively, alter- 
nated 72, 68, and 68% of the time 
during the first 6 wk. of the®experi- 
ment and 48, 45, and 55% during the 
final4 wk. Alternation from incorrect 
to correct responses was shown only 
in the NC groups; about 50% of the 
C Ss responding incorrectly on Trial 
1 of each day responded correctly 
on Trial 2. This 50% level was main- 
tained fairly consistently over weeks; 
a small increase, from 48% to 62% 
was seen from the first 7 to the last 
3 wk. The NC-A and NC-M groups, 
respectively, averaged 85% and 75% 
alternation from incorrect to correct, 
with little variation seen over weeks. 
For the later trials of each day, 
alternation from correct to incorrect 
responses decreased substantially for 
the NC groups, while the C group 
continued to alternate as in Trials 
1and 2. The alternation from incor- 
rect to correct responses increased 
for the NC groups in the later trials 
of each day and remained the same 
as in Trials 1 and 2 for the C group. 
Figure 3 presents the percentages 


as between groups, several compari- 
Sons were made. For each .S, the 
total correct responses on the first 
daily trials in the last half of the 
learning period were compared with 
the total number of correct responses 
on Trials 2-6 of each day for the first 
half of the learning period and for 
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DAILY TRIALS 2-6 IN 6 DAY BLOCKS 


Fic. 3. Percent correct responses on Daily 
Trials 2-6 in 6-day blocks. 


of correct responses for all groups on 
Daily Trials 2-6 in 6-day blocks. 
Performance levels on Trials 2-6 
ranked for the groups in the same 
order as the Trial 1 data in the last 
half of the learning period. The 
alternation from correct to inco; 
responses for the NC groups from 
Trial 1 to Trial 2 of each day was not 
sufficient to depress Trial 2-6 per- 
formance nor even Trial 2 perform- 
ance below chance, In addition, the 
high percentages of alternation from 
incorrect to correct responses for these 
groups resulted in performance levels 
well above chance, For the C group, 
the high percentage of alternation in 
the early part of the experiment from 
correct to incorrect responses on all 
trials of each day coupled with the 
failure to alternate from incorrect to 
correct responses resulted in perform. 
ance levels below chance for the early 
part of learning. It is also apparent 
that the transfer of Ss to individual 
cages on Day 46 Was accompanied 
by an increase in the percentage of 
correct responses for all groups, It 
will be recalled that the amount of 
alternation from correct to incorrect 
responses decreased for all groups 
after Day 46 on all trials of each day. 
In order to determine if the same 
relationship held between Trials 1 and 
Trials 2-6 for the Ss within each group 


rrect 


the total learning period. It was 
clear from an inspection of the data 
for each group that no relationship 
Was present. 

The mean speeds on the correct 
and incorrect trials for each group 
were calculated for the first daily 
trials and Trials 2-6 separately. 
Since no differences were found be- 
tween groups nor between the speeds 
On the correct and incorrect trials, 
these data are not presented. The 
general trend of the speeds was an 
increase up to 4 wk., followed by а 
decrease for 3 wk. and an increase 
in the last 3 wk. The increases in 
the speeds in the final weeks may have 


been related to the transfer of Ss to 
individual Cages, 


Discussion 


A comparison between the C and NC- 

groups is sufficient to evaluate the 
hypothesis; from this comparison the 
noncorrection method is clearly superior 
to the correction method in promoting 
learning on the basis of drive stimuli. 
5 mentioned earlier, some of the NC-M 
Ss did not enter the mesh chamber 
readily, making any interpretation of the 
results for the NC-M condition ques- 
tionable, 
‚ Of particular interest is the compara- 
tive performance of the groups on Trials 
—6 of each day, which paralleled the 
rank order of group performance on p 
first daily trials Thus the learning o 
the £roups was directly related to the 
number of immediate reinforcements. 
It may be recalled that the learning О 
Ss within groups did not show this same 
relationship, The number of reinforce- 
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ments after initially correct responses 
may not be the only critical factor, how- 
ever. Since the NC groups were never 
reinforced for incorrect responses while 
the C group was always reinforced, it 
seems likely that the approach tendencies 
to the incorrect side were being weakened 
for the NC groups and strengthened for 
the C group. If the relative strengths 
of the correct and incorrect response 
tendencies determine choice behavior, 
then the NC condition would be expected 
to be superior to the C condition. 

Since for the C group the delay of re- 
ward was longer after incorrect responses 
than after correct responses, it would be 
expected that the Ss would eventually 
choose the shorter route to the goal. 
However, even on Trials 2-6 of each day 
the C group consistently performed 
below chance prior to being transferred 
to individual cages. Perhaps the stim- 
ulus satiation effect suggested by Glanzer 
(1953) is relevant to this finding. While 
Glanzer in his discussion eliminated 
situations where a reward is used, the 
present situation may possibly be mean- 
ingfully evaluated from his point of view. 
While the NC groups did alternate 
consistently above 50% from incorrect 
to correct responses, the C group did not. 
It seems likely that since the C group 
was allowed to correct after incorrect 
responses and therefore went to the 
positive side last, the satiation effect 
for the correct side was thus greater or 
at least equal to that for the incorrect 
side. If we assume that the social drive 
was relatively weak, consequently lead- 
ing to a negligible difference between 
the excitatory strengths for the two sides, 
then the relative amounts of satiation 


on the previous trial in some cases would 
result in the dominance of the incorrect 
over the correct tendency. Thus the 
50% alternation from incorrect to cor- 
rect responses obtained in early learning 
for the C group does not seem unreason- 
able. In addition, increasing the drive 
by transferring animals to individual 
cages would lead to an increased differ- 
ence in the two excitatory strengths so 
that the satiation would be negligible 
in its effect on choice behavior. There- 
fore the obtained result in the later 
trials of increased alternation from in- 
correct to correct responses would be 
expected. 
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COMPARISON OF TWO PROCEDURES IN THE STUDY OF RETROACTIVE 
INTERFERENCE IN CONNECTED MEANINGFUL MATERIAL? 


DAVID J. KING AND 


SARAH TANENBAUM 


American University 


The Individual and Group conditions of experimentation in retroactive 
interference (RI) were contrasted. In the Individual condition, 3 


Slamecka (1959) has reported the pro- 
duction of significant amounts of retroactive 
interference in connected meaningful ma- 
terial using group testing procedures. In a 
later article (Slamecka & Ceraso, 1960) how- 
ever, it was concluded that it has been 
difficult to Produce significant amounts of 
retroactive interference in such material be- 


procedure utilizing, however, 
terials selected from those used 

Method.—The Ss (university students) 
were divided into two major conditions and 
six groups, three groups each for the Individ- 
ual condition and the Group condition. Each 
group contained 8 females and 4 males. The 
OL and IL material consisted of the Second 
pair of sentences from Slamecka's (19602) 
study. The first sentence was used for OL 
and the second for IL. All 72 Ss received two 
OL trials. For both general conditions, 
groups were defined in terms of the IL 
procedure. Groups A and B, the four experi- 
mental groups, were given eight IL and four 
IL trials, respectively. The control groups C 


1 This research was submitted by the second author 
as a directed Master of Arts degree research project, 
The study was designed and supervised by the first 
author, 


were given a period of color naming we 
the IL interval. This activity was also wel 
to fill the temporal gap for the B groups. 
three groups in the Individual condition ins 
given four delayed recall trials, while in E d 
Group condition only one written delaye 
recall was required, The Individual condit оп 
utilized memory drum presentation of t 1 
method of seria] anticipation. The ER 
running and scoring conditions were вага 
to those employed by Slamecka (19602). 
In the Group condition all Ss in a given dens 
Vere run together with the stimuli read to the 
Ss and written recalls (unlimited time) n 
tained. Time intervals were approximately 
the same as in the Individual condis 
Scoring criteria were the same as employed i 
King and Cofer (1960). Recall пысы 
(either anticipations or written recalls) "S 
also obtained after presentation of the 
and IL (except contro] groups) material. r- 
esults and discussion.—The data (per 
centages transformed to arc sines) for the Ps 
general conditions were subjected to analys 
of covariance, using OL scores as the adjusting 
variable. The assumptions for analysis T. 
Covariance were tested and met (i.e., the da B 
for both general conditions exhibited Romo 
geneity of Variance and homogeneity O 
Within-groups regression). Both останаа 
tests were Significant at better than the Es 
level—Individual condition, F (2, 32) — Р 
P < 01; Group condition, F (2,32) = EF 
P «01. Following the method wn of 
by King (1960) to express the magnitude П 
Tetroaction, the two sets of delayed d THO 
means were adiusted with respect to bot 3 
original recall means and the занаша 
regression coefficients, The results of the 
420 
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TABLE 1 


MEAN VALUES FOR ORIGINAL LEARNING AND RECALL, 
AND PERCENT RETROACTIVE INTERFERENCE 


Mean 
Percent 
Group RI 
Original 
Learning| Recall 


Individual condition sil 30,56 diss 
B 35.78 24.33 27.65 
35.14 33.32 0 


Ç 

Grun ЫШ 48.53 20.57 40.15 
B 49.87 23.16 31.47 
© 44.58 33.14 0 


adjustments gave the delayed recall means 
the magnitude that they would have had if 
the original recall means had been identical 
in magnitude. The adjusted delayed means 
for the control groups were then taken as 
zero retroaction and the adjusted delayed 
recall means of the experimental groups were 
expressed as a percentage of the control 
groups to indicate the magnitude of retro- 
active interference. The results of this 
analysis, together with the unadjusted ori- 
ginal learning and recall means, are presented 
in Table 1. The ¢ tests between means of the 
two experimental groups were not significant, 
but both experimental groups differed from 
the control at the .01 level of significance for 
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a one-tailed test. Levels of significance were 
determined by using Fisher's adjusted prob- 
abilities (Edwards, 1956). Clearly, the same 
amount of interference was generated by both 
procedures. 

Slamecka's suggestion that rigorous con- 
trol procedures are needed to produce 
significant amounts of retroactive interference 
in connected meaningful material may be 
correct, but in view of the above results, and 
Slamecka's (1959) earlier work, the evidence 
tosupport such a conclusion seems inadequate. 
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A REPLICATION OF FACILITATION OF CONCEPT FORMATION 
THROUGH MEDIATED GENERALIZATION! 


JERRY HIGGINS, SARNOFF А. MEDNICK, Axp SUSAN L. TAYLOR 
University of Michigan 


100 undergraduate Ss learned 1 of 2 paired-associate lists of 12 pairs and 
were then presented with a list of 12 nouns and were instructed to 
discover into what 3 groups the nouns could be divided and what 
adjective could describe each group. The paired-associate lists were 
designed by a method based on mediated generalization to facilitate 
a given concept in the concept formation list. АП results were in the 
direction of the predicted facilitation; all but 1 were statistically 
significant beyond the .01 level. It was concluded that the replication 


was successful. 


Mednick and Freedman (1960) have re- 
Ported that the prior learning of a paired- 


ШҮ was facilitated by the Cooperative 
Heel NY the Office of Education, United 
tates Department of Health, Education, and Welfare 
through Contract 1073 to Sarnoff A. Mednick and 
artha T. Mednick and by a predoctoral fellowship 
from the National Institute of Mental Health, United 
tates Public Health Service to J. Higgins. 


associate list facilitates the attainment of 
selected concepts when the paired-associate 
list is constructed in accordance with а 
mediated generalization paradigm. Thus, for 
example, in order to facilitate the production 
of the concept response WHITE to the concept 
instance SUGAR prior pairing of the words 
SUGAR-BLACK was given in a paired-associate 
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ist. It was assumed that the word BLACK 
EUN the implicit response WHITE E 
the word WHITE to occur in contiguity with the 
word SUGAR, strengthening the сена 
SUGAR-WHITE. When S was subsequently 
presented with the instance SUGAR in the 
concept formation task, the attainment of the 
concept WHITE was facilitated. : 
The present study attempted to replicate 
this result with an N of 100 undergraduate 
students consisting of 43 males and 57 females. 
Results.—The mean number of trials to 
attain the facilitated and the nonfacilitated 
concepts was 12.83 and 13.70, respectively. 
This difference was not significant, £ (99) 
= 1.32, р> 10. The mean number of 
errors made on the facilitated and non- 
facilitated Concepts was 33.05 and 41.61, 
respectively, a significant difference, ¢ (99) 
= 3.18, p < .005. The mean trial on which 
the first correct instance of the facilitated and 
nonfacilitated concepts occurred was 5.84 and 
8.43, respectively, a significant difference, 
1 (99) = 2.78, р < .01. In addition to the 
above analyses performed by Mednick and 
Freedman, an analysis was made to determine 
whether the instances of the facilitated con- 
cepts were more easily elicited during the 
early trials. The mean number of different 
correct instances for the facilitated and non- 
facilitated concepts in the first four trials 
was 1.64 and 1.09, respectively, a significant 
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difference, £ (99) = 2.75, P < 01. Further, 
the number of Ss showing more different 
facilitated than nonfacilitated instances in 
the first four trials, showing an equal number, 
and showing fewer was 49, 27, and 24, re- 
spectively, x? (2) = 11.18, p < .005. ч In com- 
puting this chi Square we conservatively as- 
sumed a chance distribution of 55 in the three 
categories. " 

It may be noted that Mednick and Е reed- 
man's Ss were somewhat superior in the 
ability to form both facilitated and non- 
facilitated concepts to the Ss used in the 
present study. This difference may be 
attributable, at least in part, to the nature of 
the two groups. The Ss in the original study 
were unpaid volunteers, while the Ss of the 
Present study were paid volunteers and stu- 
dents fulfilling a requirement of an intro- 
ductory psycholo y course. e 

In ein in all results of the replication 
experiment were in the direction of facilita- 
tion; all but one were statistically significant. 
It is concluded that the facilitation of concept 
formation through mediated generalization 15 
a replicable phenomenon. 
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COGNITIVE ASPECTS OF INFORMATION PROCESSING: 
II. ADJUSTMENTS TO STIMULUS REDUNDANCY? 


PAUL M. FITTS, JAMES R. PETERSON, лхо GERSON WOLPE 


University of Michigan 


3 experiments are reported in which relative stimulus frequencies were 
varied in 9 choice tasks. The tasks involved naming numbers and 
pointing to lights. It found that as redundancy increased average 
RTs to the frequent stimulus component decreased whereas RTs to 
less frequent components increased, the differences being a linear 
function of redundancy. These effects were greater for the less com- 
patible (vocal) task. Ss used the frequent response more often and the 
infrequent response less often than appropriate in responding to re- 
dundant sequences. These results are in agreement with predictions 
from a stimulus sampling and sequential decision model in which it is 
assumed that RTs and errors are a function of prior probabilities and the 
payoff matrix for correct and wrong, slow and fast responses, as well as a 
function of stimulus discriminability. 


A process that generates sequences 
of discrete events is said to be redun- 
dant when all possible sequences are 
not equally probable. Adjustments to 
the more proximal redundancies in a 
stimulus sequence is an important 
form of learning and can be observed 
in many forms of perceptual, motor, 
and verbal behavior. Thus many 
years ago J. McKeen Cattell (1885, 
1886) noted that serial response rate 
in vocalizing the names of individual 
letters in a list is about twice as fast 
for familiar (forward) sequences taken 
from English text as for identical 
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sequences presented in an unfamiliar 
(backward) direction. Comparing re- 
dundant sequences from different 
languages he (Cattell, 1947) concluded 
further that “the less familiar a lan- 
guage, the smaller the difference be- 
tween the speeds of reading a selection 
forward and backward” (p. 24). 
More recently, Hyman (1953) and 
Crossman (1953), working independ- 
ently, have both found that average 
RT across all stimulus components is 
reduced in proportion to average 
stimulus redundancy, the size of the 
stimulus set remaining constant. 
With respect to individual response 
times, Hyman (1953) noted further 
that “. . . the reaction time to the 
low information component was mark- 
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edly lower than would be predicted on 
the basis of the regression line fitted 
to the means of the conditions and 
concluded that '". . . if +++ We are 
interested in the behavior of the 
components making up the conditions, 
we must find different laws and 
equations" (p. 194) than those used 
in predicting overall mean response 
times. 

For the most part the models that 
have been proposed to account for 
time and error data in choice RT 
experiments have neglected the prob- 
lem of the nature 


ments to stimulus redundancy, These 
models are of tw 


‚ the assumption 


identified by 
replicas, thes 
more time, on the average, the more 
extensive th 
to locate the 
models eithe 


formance or otherwise neglect time- 
error relations. In the second, the 
assumption is made that S samples the 
stimulus, which is always accompanied 
y "noise," identification being ac- 
complished by a Statistical decision 
Process. The latter model predicts 
that more similar stimuli, smaller 
signal-to-noise ratios, and fewe: 
Will be associated with 
RTS, a prediction Which is co 
with the finding that 


motor tasks (Egan, 
Schulman, 1961; Fitts, 1954; Swets & 
Green, 1961). There may be nothing 
logically inconsistent, however, in the 
assumption that RT is the conse- 
quence of a two-stage Process, which 
involves time for access to stored 
information followed by statistical 
decision time. 


Greenberg, & 


Welford (1960), considering redun- 
dancy in the context of a general 
discussion of search models, concluded 
that a process of “serial dichotomous 
classification with check on accuracy 
should result in faster responses to the 
more frequent events in a redundant 
sequence, but that RT for a less likely 
event in the same sequence should 
never be more than twice as long as 
that for a more likely event. Stone 
(1960) has proposed a sequential 
sampling model for choice RT, basing 
it in part on Wald's (1947) theoretica 
treatment of sequential decision ШАК, 
ing and on the general theory of oy 
detection in noise (Swets, Tanner, & 
Birdsall, 1961), and in part on em 
pirical data regarding the effects о 
discriminability on RT (Crossman, 
1955; Crossman & Szafran, 1956). 
Stone concludes that his model can 
be extended to the prediction of RTs 
to redundant Sequences, and makes 
the important point that as error rate 
becomes small, the cost in time re- 
quired to achieve additional reduc- 
tions in errors should become in- 
creasingly great, | 

The sequential sampling mda 
appears to offer some promising lea 3 
for the prediction of adjustmen 
to redundant stimulus sequences. 
brief summary of the major ачыр 
tions and some qualitative prediction 
from this model follow.? "S 

Assumptions regarding a dede. 
ratio computer and decision maker.— 
process is assumed which operates 1n 
à manner analogous to an efficient 
probability computer and decision 
maker which bases its decision on 
Posterior probabilities computed in 


* Appreciation is expressed to Es 
Edwards and Wilson P. Tanner, ерше 
of Psychology, and Wilfred Kincaid, раа 
ment of Mathematics, University of Mic i 
вап, for helpful criticisms and suggestion: 
regarding this section. 
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accordance with Bayes’ theorem (see 
Edwards, Lindman, & Savage, 1963; 
Raiffa & Schlaifer, 1961). Such a 
computer is assumed to know the 
initial odds governing the occurrence 
of alternative stimuli, as well as the 
Conditional distribution of an input 
Parameter, X, which represents the 
data available from independent fixed- 
length samples of the stimulus. New 
(posterior) odds are computed follow- 
ing each successive observation. Asa 
Consequence of sampling variations 
and internal (biological) noise the 
sequence of values computed in this 
manner should have the properties of 
à random walk, but should drift in a 
direction determined by the char- 
acteristics of the particular stimulus 
being observed. It is further assumed 
that this sequential observation proc- 
ess will continue until the odds reach 
Some cutoff point such that the ex- 
pected value of terminating the proc- 
ess (and making a response) exceeds 
the expected value of continuing to 
Observe. 

Given symmetrical cutoff points 
(such as would result from the use of 
equal weights for all types of errors) 
but unequal prior probabilities, the 
tandom walk would begin nearer one 
Cutoff point than another and should 
therefore terminate sooner, on the 
average, when the probable stimulus 
Occurs than when the less probable one 
Occurs, This would result in faster 
average RTs to the more probable 
Stimulus. . 

In summary, RTs to different 
Stimulus components should be a 
Unction of the initial stimulus prob- 
abilities, the intrinsic characteristics 
Of the successive observations, and the 
Cutoff points; whereas error rates 
Should be determined solely by the 
Cutoff points. The cutoff points, in 
turn, are a function of the payoff 
Matrix that specifies (a) the costs and 


values, respectively, of each kind of 
error and each kind of success, and 
(b) corresponding costs and values for 
fast vs. slow responses. 

It is possible to base the strategy of 
such a decision process on error rates 
computed in one of two ways. Con- 
sider, as an illustration, two alter- 
native stimuli, S; and Sy, and two 
responses, R, and Ry. From the view- 
point of conventional hypothesis test- 
ing one usually computes the prob- 
ability of an error, given that S, 
occurred, P(R,|Sy), and the prob- 
ability of an error given that S, 
occurred, P(R»|Sa). As an example, 
assuming the hypothetical frequencies 
shown in Table 1, where S, occurs 
nine times as often as Sy, these two 
error rates would be equal and would 
equal the overall error rate (.10). 
The alternative is to estimate the 
probability that К, will be in error 
when it occurs, considering all pre- 
vious instances of this response, 
P (S,| R;), and the probability that Ry 
will be in error, P(Sa| R»). In the 
example given in Table 1, the error 
rates computed in this second way are 
very different indeed, .0122 and .50, 
respectively. 

It is assumed that after consider- 
able experience with the error rates in 
a given task, Ss may adopt a strategy 
which can be predicted from odds 
computed by the second of the above 
procedures. This is equivalent to S 
asking, "If I make Response A what 
are the chances of being wrong?" 
Given unequal stimulus probabilities 
such as those shown in Table 1, and 
instructions to minimize overall errors 
and RT, this assumption suggests a 
strategy whereby the frequency of A 
responses would be increased, and B 
responses decreased relative to the 
frequencies shown in Table 1. This 
could be accomplished by appropriate 
shifts either in the cutoff points or 
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TABLE 1 
HYPOTHETICAL FREQUENCY TABLE 
Stimulus 
Response Subtotal 
Sa Sb 
81 1 82 
Re 9 9 18 
Subtotal 90 10 
in the initial odds point. Such a 


strategy should reduce average RTs 
even if the overall error rate was un- 
changed, since (A) responses would 
now occur even more often and would 
become even faster, 

These ideas are essentially a re- 
formulation of some theories regarding 
expected value maximization proposed 
initially by such historical figures 
as Bernoulli, Bayes, and Laplace. 
Stated in terms of expectancy theory 
the more strongly S expects Event A, 
the wider will be the range of events 
he is likely to accept as signaling the 
occurrence of A and the faster his A 
responses, whereas the more likely 
he is to fail to respond correctly or 
rapidly to contrary evidence. 

Without attempting a formal dem- 
onstration of the predictions from a 
Sequential stimulus sampling model at 
this time the hypothesized effects of 
increased redundancy on speed and 
the accuracy of choice responses, 
values, and costs, as wellas the nature 
of the stimulus set remaining fixed, 
can be summarized as follows: 

Reaction time.—lt is conjectured 
that as the prior probability of one 
stimulus in a Sequence is increased 
relative to alternative stimuli the time 
spent observing prior to reaching a 
decision, when a frequent or expected 
stimulus occurs, should decrease, and 
the time spent observing when a less 
frequent stimulus occurs should in- 
crease, on the average, as a function 
of redundancy. 
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Errors.—]t is conjectured that as 
the prior probabilities with respect to 
alternative stimuli are made in- 
creasingly different, Ss will use the 
more probable response more often 
and the less probable responses less 
often than the corresponding stimulus 
frequencies, but that the relative fre- 
quencies of errors, computed in terms 
of response frequencies, will remain 
essentially constant for all responses. 
However, when the prior probability 
favoring one of the possible stimuli is 
made sufficiently large, Ss should 
cease to attempt to discriminate and 
make only the response appropriate to 
that stimulus. | 

Three experiments were conducted 
to test these predictions. These are 
part of a program of research on 
cognitive factors in information proc- 
essing (see Fitts & Switzer, 1962), in 
which human information handling 
is assumed to involve processes analo- 
gous to the operations specified by ү 
computer program, such as the use e 
subroutines based on a knowledge О 
the probabilities governing events in а 
particular task or situation. 


METHOD 


Three experiments,’ involving уба (а 
ing) responses to numerals, and motor Р outs 
ing) responses to lights, were carrie nses 
Number of alternative stimuli and И EO 
was held constant at 9 in all three Exe ane 
while redundancy was varied by ыр өн | 
the relative frequency of one of the s oe 
in the set while reducing the relative uli 
quencies of the remaining eight T "e 
Nine rather than a smaller number o hat 
ternatives was used because it was felt lect 
this would make it more feasible 50 cu um 
data where very low probabilities were 25 
signed to individual stimuli. 


Experiment 1 


Ы i ack 

A pparatus.—Stimuli were 1-in. high =) in 
numerals on white cards. They appea 
Sea 


? Gerson Wolpe, Gail Switzer, and вену 
Brown Ames collected the data in Ехр. dita 
П; James Peterson was responsible for data 
collection in Exp. IIT. 
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TABLE 2 


LEVELS or REDUNDANCY UsED IN Exp. 1 


Frequencies per Run 
of 126 Events 


Cond. |__| redundancy 
Numeral 1 | Numerals 2-9 
A 14 14 each .00 
B 30 12 each .03 
Cc 94 4 each .50 
D 118 1 each .83 


a2 X2 in. window at eye level in the center 
of a gray screen, and were exposed by the 
opening of a double-bladed electromechanical 
shutter immediately behind the window. The 
Ss were asked to wear sound attenuating 
headsets and listen to broad band noise as 
a means of providing а uniform auditory 
environment, Vocal reaction time was 
measured by the use of a throat microphone, 
an electronic voice key, and a .01-ѕес. clock. 

Subjects—The Ss were 48 male college 
students, paid by the hour. 

Levels of redundancy.—A total of 126 
stimuli were seen by each S during each 
session. Four levels of redundancy were used 
(see Table 2). Stimulus sequences for any 
given S on any given session were determined 
by a random draw without replacement. For 
Cond. A, B, and C separate draws were 
made for each run of 126 stimuli, In the D 
condition (83% redundancy), the draw was 
made over 378 events, the sampling procedure 

eing such that each of the different infre- 

quent stimuli occurred a total of three times 
Over three sessions and there was a total of 8 
infrequent stimuli in each session run of 126 
events, but the 8 different infrequent events 
did not necessarily each occur once per 
Session (this was done to prevent Ss from 
Predicting the last infrequent stimulus by 
elimination). 2. 

Procedure.—Each S was tested individually 
Or four sessions, approximately I hr. in 
length, On Session 1 all 5s performed under 
Cond, A (equal frequencies). Successive sets 
of 12 Ss were then divided into three equal 
Strata (high, medium, and low) on the basis 
9f their RTs in responding to the numeral 1. 
The 4 Ss within each stratum were then 
oesigned randomly, one to each condition, in 

der to control for ability levels across 
Broups, This procedure was repeated for 
Uccessive sets of 12 Ss until all 48 Ss had been 
assig 


ined to groups. . 
b n he Ss assigned to Group A continued as 
lore on subsequent sessions. Other Ss were 
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told that the numeral 1 would now occur 
more frequently than the other numerals, 
and were shown a bar graph which depicted 
the relative probabilities of each numeral 
in Cond. B, C, or D, whichever, was ap- 
propriate. Conditions for each of the four 
groups remained unchanged during Sessions 
2, 3, and 4. 

A "ready" signal was given 2 sec. before 
each stimulus exposure. The E told S his 
reaction time after each response. The inter- 
stimulus interval was about 10 sec. 


Experiment II 

The purpose of Exp. II was to test the 
generality of the results when 5 rather than 1 
was the most frequent stimulus under the 
redundancy level of Cond. D. Otherwise the 
apparatus and procedure of Exp. II was 
identical to that of Exp. 1. Twelve new Ss, 
drawn from the same college population, were 
used. They will be referred to as Group E. 


Experiment 111 


The purpose of Exp. III was to test the 
generality of the results for a very different 
set of stimuli and responses and under three 
levels of redundancy, with Ss serving as their 
own controls. 

Subjects —The Ss were 15 male college 
students who were paid for their time. 

Apparatus.—Stimuli were nine neon lights, 
which were visible through стіп. holes in the 
center of 3-in. metal rings. The rings, which 
served as targets for motor (pointing) re- 
sponses, were arranged in a half circle, 
equidistant from a starting button. Elec- 
tronic circuits were used to measure reaction 
time in breaking contact between the fore- 
finger and the starting place, and movement 
time between the starting plate and the 
target rings. This type of switching circuit 
operates by means of a small current passed 
through S's body, the level being below the 
threshold for feeling. Two .01-зес. timers 
were used. 

Preliminary work indicated that the 
positions of the upper and lower arms, the 
visual fixation point, and the grouping of the 
targets all affected component reaction and 
movement times to the nine stimulus points. 
In the arrangement finally selected (Fig. 1), 
the upper arm was held comfortably at the 
side of the body, the forearm was horizontal 
and rotated 15? toward the median plane, 
and a visual fixation. point was located 
between the center target light and the home 
button. 

Levels of redundancy.— Three levels of 
redundancy, 0, 34, and 71%, were achieved 
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Fixation 


Targets. Point 


Fic. 1. Plan view of the spatial stimulus- 
response apparatus used in Exp. III. 


by using stimulus Sequences of a fixed length, 
i center and all 
other lights occurred 7 times each (in runs 
of 63), (b) the center light occurred 40 times 
and the remaining lights 24 times overall 
(in runs of 64), or (c) the center light occurred 
56 times and the remaining lights 8 times 
overall (in runs of 64). In the b and c condi- 
tions the eight infrequent lights occurred 
equally often on the average over all sessions, 
but not necessarily equally often on each 
session; thus . was not able to predict the 
last few lights by elimination. Within the 
above restrictions the order of occurrence of 
stimuli was random and different for each .S 
on each session. No restriction was placed on 
the length of runs of the same stimuli, 
Procedure. —F. 
of the three level 


a bar graph depicting 
requencies of differ- 


Knowledge of results was 
given at the end of blocks 


consisted of the times 
slowest responses in that block, A 2 
break was given between conditions, 
were presented at intervals of about 
2 sec. after a ready signal, 

headsets and listened to maskin: 


10 sec., 
The Ss wore 
g noise, 


RESULTS 


Reaction times.— Choice 


reaction 
times (RTs) by sessions, pool 


ed across 
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all Ss in a group, but shown separately 
for more- vs. less-frequent components 
of the stimulus sequence, are sum- 
marized in Fig. 2 (Exp. I and II) and 
3 (Exp. III). . 

In Exp. I a highly reliable difference 
was found between the vocal reaction 
time to the numeral 1 as compared to 
the other eight numerals even when 
all stimuli were equally frequent 
(Control Group A), the response to 1 
being .027 sec. faster on the average. 
This difference, which is not present 
in simple RT data for numerals, has 
been found in another experiment (see 
Fitts & Switzer, 1962). The control 
group (Group A—equal frequencies) 
showed only a slight improvement in 
RT (about .02 sec. decrease) during 
the four sessions, the difference be- 
tween 1's and the other eight numerals 
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Fic, 3. Effects of levels of redundancy on 
RTs to stimulus components in Exp. III. 
(Each S worked at all three conditions on all 


4 days.) 


(1's), remaining constant from session 
to session. 

The major adjustment to stimulus 
redundancy occurred during the ses- 
sion in which redundancy was first 
introduced (Session 2), the magnitude 
of the effect being progressively 
greater the greater the degree of 
redundancy. Reaction times to the 
most frequent stimulus component 
became faster and RTs to the less 
frequent components became slower 
than under equal frequency condi- 
tions, This difference in RT to 
Stimulus components tended to in- 
Crease in magnitude as training under 
redundant conditions was continued. 
However, overall average RT (across 
all component stimuli) became faster 
With continued practice, and was 
Somewhat faster on the average for 
the more redundant conditions. 

The data for Exp. ll, where the 
Numeral 5 was the most frequent 
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stimulus, are strictly comparable to 
those of Exp. I for similar levels of 
redundancy. For this group the RT 
for 5, under the equal-frequency con- 
dition of Session 1, was very close to 
the mean for the other eight numerals, 
as had been true for Group А; on 
subsequent sessions, after redundancy. 
was introduced, the difference in the 
RTs to 5's and 5's for Group E was 
very similar in magnitude to the 
difference for 1's vs. 1's of Group D іп 
Exp. I after corrections are made for 
the initially shorter RT to 1. 

Average RTs for the manual (point- 
ing) responses in Exp. III (see Fig. 3), 
were much faster than had been found 
for the vocal responses in the preced- 
ing experiments and showed cor- 
respondingly smaller effects of redun- 
dancy. Under the equal frequency 
condition, the RTs for each of the 
nine lights were very similar, and 
decreased from a level of about .305 
sec. to a level around .270 sec. with 
practice. As was previously the case 
for the most redundant sequences, 
RTs for the most frequent stimulus 
element (7195 redundant) became 
progressively faster, and КТ» for the 
less frequent elements became pro- 
gressively slower, the maximum dif- 
ference occurring on Session 2; during 
the last two sessions, responses to all 
stimuli, both frequent and infrequent, 
tended to become faster. 

The effects of increased redundancy 
on the difference in КТ» to frequent 
vs. infrequent components of a given 
stimulus sequence, are shown in Fig. 4, 
where data for the last 2 days have 
been averaged for each of the condi- 
tions of each of the three experiments, 
Each data point for vocal responses is 
for a different group of Ss, except that 
the two data points for zero redun- 
dancy (1 vs. 1 and 5 vs. 5) are com- 
puted from the same control group 
(Group A). The three data points for 
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vs. 


Exp. ПІ are for the san 
under all conditions, 

that the data for the 
experiments are fitted 
straight lines, and the line connecting 
the two points for Exp. II has the 
same slope as for Exp. І. The inter- 
cepts reflect differences in RT for 
different stimulus components in 
the equal-frequency condition. The 
slopes for vocal response conditions 
are much steeper than for the manual 
(pointing) responses. In no case is 
the difference in RTs as great as the 


пе 15 Ss serving 
It will be seen 
first and third 
very closely by 


Error FREQUENCIES FOR THE DIFFERE 
ON THE FINAL 
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RT to the more frequent component, 
i.e., the ratio of RTs is less than 1:2, 
even for the most redundant con- 
dition. . 
Errors.—The errors made by Ss in 
the last experimental session of Exp. I 
and II are summarized by stimuli in 
Table2. The proportions of responses 
in all three experiments in which an 
inappropriate vocal response was 
made or the wrong target was touched 
were very small, just under 1%, and 
the overall error rate was relatively 
Constant from session to session, im- 
Proved performance showing up al- 
most entirely as faster RT. 
The 71 errors summarized in Table 
3 include 17 instances in which an 
unintelligible sound, such as “ahhh 
was uttered. These intrusions appeared 
to be randomly distributed among the 
conditions, Under Cond. A, where 
all stimuli occurred equally often, 
there were only 3 instances in which a 
wrong numeral name was spoken, and 
each involved a different confusion 
pattern. In terms of the stimulus 
sampling model discussed earlier the 
most pertinent error data are pee 
for the highest redundancy leve 
studied (Cond. D and E). Here 
there were 32 errors out of 3,017 


TABLE 3 


REDUNDANCY LE 
PERIMENTAL SESSION 


ELS OF Expr. I AND П 


Stimulus t 
Cond Eos | ors 
1 2 3 4 5 6 i 8 9 
ar 0.7 
A (К = .00) 0 іа | 9 tid | 6 5 11 ў 
В (R = 103) So) gs) tla] ot % 1 o 0 7 05 
С (К = .50) 2 3/1 | 2 211 |з [о [о 14 03 
D (R = /83) "19 RISLZIBIEITIRI i$ | ia 
Exp. II 
Е (R = .83) 4 2i a} 3 212 19] sls 20 1з 
"Total errors 8 | 14] 5 8 | i1| 6 8 3 8 71 0.9 
Note,—The numeral 1 was most frequent in Cond, B, C, and D 


15 was most frequent in Cond. E, 
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responses (excluding unintelligible 
sounds) or almost exactly 1%. Of 
these errors, 31 were instances of using 
the most frequent response (saying 
“1” or "5") when an infrequent 
stimulus occurred, one was an instance 
of making an infrequent (wrong) 
response to an infrequent stimulus, 
and there were no instances of an 
error in which an infrequent response 
was given to a frequent stimulus. 
Stated in another way, 189 infrequent 
stimuli were presented by E (again 
excluding those to which an un- 
intelligible response was made), but 
Ss made only 158 infrequent responses. 
If we compute errors relative to 
stimuli, there were no errors (except 
"ahhhs") in responding to 2,985 fre- 
quent stimuli, but 32 or 17% errors 
in responding to infrequent stimuli. 
Thus error rates, computed in the 
conventional manner, were very un- 
equal. Computed in the alternative 
manner, however, relative to re- 
sponses, error rates were very similar. 
Thus the frequent response was used 
2,859 times with 31 or 1.08% errors, 
and infrequent responses were used 
158 times with 1 error (saying “6” 
instead of '"7") or with a .6% error 
rate. 

The two most redundant sequences 
had slightly higher average overall 
error rates than did the three less 
redundant series (1.25% vs. . 7097) 
but the low incidence of errors makes 
any such comparison somewhat tenu- 
ous and the overall distribution of 
errors in Table 2 is not significantly 
different from chance. The point to 
be emphasized is that approximately 
the same proportions of each class of 
responses were in error, in spite of 
large differences in the probabilities 
Soverning individual stimulus events. 

The overall rate of errors in Exp. 

I was almost exactly 1% and did 
Not differ significantly among the 
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three redundancy levels. Almost all 
errors, regardless of level of stimulus 
redundancy, involved lack of precision 
of movement rather than confusion 
among targets, ie., errors involved 
touching an area near the correct 
target (most frequently to the left); 
instances of a clean hit on a wrong 
target were very few indeed (only 
about .2%). 


DISCUSSION 


The finding that differences in RTs are 
linearly related to redundancy in all 
three experiments is consistent with 
predictions from the present model. The 
error data also confirm the predictions, 
but the low error rates necessitate 
caution in making any generalizations 
about this aspect of the predictions. 
It appears that the model, which was 
discussed in terms of two-alternative 
choices, may be appropriate for situations 
where additional alternatives are present. 

The finding of a smaller slope of the 
function relating redundancy to RT 
differences for the spatial vs. the sym- 
bolic S-R combinations agrees with the 
findings from several recent studies 
(Brainard, Irby, Fitts, & Alluisi, 1962; 
Crossman, 1956; Girew, 1958; Leonard, 
1959) in which it has been found that 
variations in stimulus uncertainty have 
increasingly less effect on RT, the higher 
the initial S-R compatibility character- 
izing the task. The spatial S-R ensemble 
used in Exp. III is one of the most highly 
compatible that has yet been studied 
since the mean RT to a nine-alternative 
zero-redundant stimulus was only .27 sec 

It should be noted that many of the 
phenomena of "simple" RTs, such as th« 
increase in RT resulting from the use o 
more "false" trials, the increase in КЛ 
resulting from an increase in foreperioc 
variability, and the decrease in RT an 
concurrent increase in anticipation error 
resulting from a shift from perceptue 
to motor set, are predicted by the presen 
model. In other words, the decision tha 
a no-stimulus situation has changed to 
stimulus situation is basically no differer 
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than the decision as to which of the two 
stimuli has occurred. The present model 
is primarily a stimulus discrimination 
model, based on the assumption of the 
use of observation time and/or informa- 
tion processing time to increase response 
reliability. Perhaps the most critical 
conceptual issue is whether these stimu- 
lus sampling assumptions hold for stimuli 
that are ordinarily considered to be far 
above threshold. 

The present experiments leave un- 
answered many questions concerning the 


ting to redun- 


about response 
derived from the 
nd sequential deci- 
The sampling and decision 
by this model are 


stimulus sampling a 
sion model. 
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SHORT-TERM RETENTION OF SINGLE 
PAIRED ASSOCIATES! 


BENNET B. MURDOCR, Jn. 


University of Vermont 


6 experiments investigated the short-term retention of single paired 
associates. Ss learned individual A-B pairs during 1 presentation of a 
list, then tried to recall the B member of the critical pair given A as the 
cue for recall. The first 2 experiments were replications of a previous 
study with number of prior pairs the parameter, the 2nd 2 experiments 
controlled for list length by using 6-pair lists, and the 3rd set of experi- 
ments attempted to assess the role of proactive inhibition (PI). Marked 
forgetting of single pairs consistently occurred within a retention in- 
terval of 6-10 sec., and increasing the number of prior pairs slightly 
decreased probability of recall. Very little interlist PI occurred, and 
the intralist PI decreased over time in contrast with the increase in 
PI over time that is usually found in the study of long-term retention. 


A recent study of the retention of 
individual items (Murdock, 1961a) 
showed that recall probability dropped 
rapidly during a retention interval 
measured in seconds. The stimulus 
materials were either CCC trigrams 
or common English words, and the 
interpolated activity was either count- 
ing backwards or listening to a list 
of words of unknown length with 
instructions to recall the last three 
words. Although the forgetting was 
rapid, the results did not appear to be 
completely consistent with either a 
trace theory or an interference theory 
of forgetting. | ES 

'The present research is a similar 
analysis of the short-term retention 
of single paired associates. The 
method used in this study has already 
been described in a brief note (Mur- 
dock, 1961b). Basically, a list of 
A-B pairs was presented once, then 
S was immediately tested for recall 


1This work was supported by a research 
grant, M-3330, from the National Institutes 
of Health and by a training grant, G-12053, 
from the National Science Foundation. The 
author is particularly indebted to George F. 
Smith for analyzing some of the data, and to 
Jeanette Turner, Gretchen Miller, and Mary 
Jane Edwards for tabulating the results. 


of one of the pairs with A as the cue 
for recall of B. With a fixed presen- 
tation rate (2 sec/pair), the number 
of pairs following the critical pair 
determined the length of the retention 
interval. 

There seems to be little doubt that, 
with this procedure, most pairs are 
learned after a single presentation. 
That is, before an A-B pair is pre- 
sented the probability that A as the 
cue for "recall" would evoke B is very 
low, since the words were paired at 
random. Immediately after the paired 
presentation recall probability is about 
.90 (Murdock, 1961b). Therefore, 
the decreased recall probability for 
delayed retention tests would indicate 
that forgetting had occurred. 

During the retention interval Ss 
are learning additional A-B pairs. 
Thus, one cannot distinguish between 
the effects of interference generated 
by these additional pairs and the 
effects of elapsed time per se. How- 
ever, this procedure has the advantage 
of making rehearsal difficult because 
Ss do not know what to rehearse 
(i.e., which pair they will be tested on), 

Six experiments will be reported 
here. The first two are essentially 
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ications of the previous study 
а 1961b). The second two 
experiments are an attempt to study 
the same problem with a different 
experimental design. The third set 
of two experiments is an attempt to 
assess the possibility that massive PI 
accumulates when the same Ss are 
repeatedly tested at all retention 
intervals. 


EXPERIMENTS I AND II 
Method 


Experiment I.—In general, the procedure 
here was identical with that used previously 
(Murdock, 1961b). A list of A-B pairs was 
Presented once, then the A member of the 
critical pair was presented as the cue for recall 
of the corresponding B member, Naturally, 
the critical pair was in no way distinguished 
before or during list Presentation. The reten- 
tion intervals were 0, 2, 4, 6, or 10 sec., and at 
each retention interval there were either zero, 
one, two, or three prior pairs, 

With this 5 x4 orthogonal design one 
replication required 20 lists, In all, there 
were 16 replications (320 lists). All Ss were 
tested on all 320 lists, 80 lists per session on 
each of four sessions, 

The A and B members of the individual 
Paired associates were English words, ran- 
domly selected from approximately the 4,000 
most common English words (Thorndike- 

Lorge, 1944, G count of 20 or above). The 
words were randomly paired and randomly 
With this sampling of 


ere written on individual 
Ographed, and presented 
strip-film projector. 


i EDUCATION-FIT; 
"Thus, ROME-ASHAMED 
ir, the retention interval 
was 4 sec., and there was one prior pair, The 
correct response (i.e., ASHAME: 
only 2 of 20 Ss. 

Group testing was used, and 
down their responses on numbered answer 
sheets. The Ss were merely instructed to 
study each pair as it appeared and to do their 


Ss wrote 
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best to recall the correct B word when the А 
word of the critical pair appeared on the 
screen. Two practice lists were given the 
first day; the first had a 4-sec. retention 
interval with one prior pair while the second 
had a 6-sec. retention interval with three prior 
pairs. No record of S's recall on these two 
Practice tests was obtained. К 

After each list there was a recall interval 
of 15sec. This interval was terminated when 
E called out the number of the next list, and a 
verbal “Ready” signal preceded the start of 
the next list by about 2 sec. In all, approxi- 
mately 20 sec. elapsed between the last pair 
in one list and the first pair in the next list. 

The order of presentation of the 20 experi- 
mental conditions (five retention intervals 
and four levels of number of prior pairs) was 
randomized within each replication. With 
group testing the individual word pairs could 
not be counterbalanced among conditions. 
However, with random sampling of stimulus 
material and 16 replications of 20 different 
experimental conditions it seemed unlikely 
that systematic differences in item difficulty 
could bias the results, 

There were 20 55, and they were students 
of both sexes who were fulfilling a requirement 
of the introductory psychology course. 

Experiment II.—In this experiment the 
retention intervals were 0, 2, 4, or 6 sec., but 
there were either zero, one, two, four, or eight 
Prior pairs. Thus, the number of prior pairs 
Was increased from a maximum of three in 
Exp. I toa maximum of eight in Exp. II. 

With this 4 x 5 orthogonal design ong 
replication again required 20 lists. In 
there were 12 replications, 60 lists on each o 
4 days. Group testing was used, and each S 
was tested on all 240 lists. There were 18 Ss, 
all from the same group used in Exp. I. 3 

New lists were constructed for this experi- 
ment. First, all homonyms, contractions, 
and archaic words were deleted from the 
original 4,000 words. Then, the words were 
randomly sampled and randomly paired; the 
only restriction was that there could be no 
more than 18 letters in any one pair. The 
Pairs were typed in capital letters and then 
Photographed, eight pairs toa frame. Seven- 
eighths of the strip-film projector window was 
masked so only one pair would appear on the 
SCIEN at & time; the result: was га rather 
effective "memory drum" for group testing. 

For greater flexibility in subsequent ex- 
Periments, the A member of the critical pair 
was not Photographed; the strip film merely 
consisted of an unvarying succession of A- 
Pairs. In testing, when the end of a list was 
reached E blacked out the screen by closing 
a shutter placed over the projector lens. Also, 
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E provided the cue for recall by calling out the 
À member of the critical pair. 

There was one practice list on Session 1; 
the retention interval was 6 sec. and there 
were two prior pairs. Although told it was a 
practice list, Ss were asked to write down 
their recall. "There were 2 out of 18 5s who 
wrote down the correct response. The first 
test list was: HALT-LILY ; STREAM-ASH ; THINK- 
DEPART; STREAM? Thus, there was a reten- 
tion interval of 2 sec., one prior pair, and 13 


of 18 Ss correctly recalled ASH. 
In all other respects, the procedures of 


Exp. I and Exp. II were the same. 


Results 

The main results of Exp. I and П 
are shown in Table 1. As сап be seen, 
the results of the two different exper- 
ments were very similar. Also, the 
values are in rather close agreement 
with those previously reported (Mur- 
dock, 1961b, Fig. 1, p. 280). Thus, 
the retention curves appear to be 
reasonably reproducible with different 
Ss and with different lists. 

Marked forgetting occurred within 
a retention interval of 6-10 sec. 
Analyses of variance were performed 
on the number of correct recalls in 
Exp. I and Exp. П, and the results of 
these analyses are presented in Table 
2. Retention interval (t) was highly 
significant in both experiments. Also, 
number of prior pairs (PP) was highly 
significant in both experiments, and 
the PP X t interaction was significant 


OF PAIRED ASSOCIATES 


TABLE 1 
RECALL PROBABILITY AS A FUNCTION 
ОЕ RETENTION INTERVAL 
FOR Expr. I Anp II 


Retention Interval 
Number of | |. (See) 
Prior Pairs | EXP- 
0 2 E 6 10 
0 ] | 984} .825 | .481 | .400 | .350 
П | .986 | .889 | .430 | .430 | — 
1 I | .975 | .700 | .378 259 
П | .967 | .782 | .352 -- 
2 I | .959 | .647 |.325 | .219 | .209 
11 | .907 | .685 | .426 | .162 | — 
3 І | 944} 600 | .300 | .275 | .262 
+ 11 | .884 | .694 | 306 | .273 | — 
8 11 | .898 | .625 | .204 | .227 | — 


at the .01 level in Exp. I and at the 
.001 in Exp. П. The nature of the 
interaction can be best illustrated by 
reference to Table 1. The effect of 
retention interval was less with zero 
prior pairs than with one or more 
prior pairs. Also, with one or more 
prior pairs the retention curves were 
not perfectly regular, and this fluc- 
tuation would contribute to the inter- 
action. 

One method of analyzing retention 
data is to determine retention loss by 
comparing delayed tests with an im- 


TABLE 2 


ANALYSES OF 


VARIANCE OF NUMBER OF Correct RECALLS IN Exp. I AND II 


Exp. 1 Exp. П 
Source 
df MS F df MS F 

Retention interval (t) 4 1893 253*** 3 1261 255*** 
petention PP 3 | 103.7 | 31.3" 4 57.0 9.56% 
[пов pairs (RE) 19 48.2 17 29.1 
Des 76 7.49 51 4:96 
PP xs 57 3:02 68 5.96 
PP Xt 12 8.25 2.84** 12 8.08 10;367** 
PPXtXS 228 2.91 204 0.78 


жж 
b <.01. 
* < .001. 
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recent study by Conrad (1960), who found 
that serial order intrusions decreased as 
delay increased although the number of 
messages correctly recalled did not change. 
It was hoped that prior list intrusions might 
vary with time interval between lists, and 
these intrusions would be one measure of 
possible PI effects. Also, PI effects might 
vary as a function of time interval between 
prior and original learning. 

АП lists were six pairs long. With a recall 
interval of 15 sec, a "Ready" period of 
approximately 5 sec., and delay periods of 0, 
10, or 25 sec., the total time that elapsed 
between the presentation of the last pair in 
one list and the first pair in the next list was 
either 20, 30, or 45 Sec. With each delay 
period occurring equally often before each 
retention interval one replication required 18 
lists (plus 1 extra list as а "starter" for each 
Session). 

The experiment was conducted in three 
sets of 4 replications each for a total of 12 
replications (216 lists) in all. The order of 
presentation was randomized 
replication. The Ss (N 
one afternoon session o 
10-min. break after the 


The lists and strip films of 
used here, as was the 
already described. N 


Exp. III were 
group "memory drum" 
9 practice list was given, 
and the first list was: ORGAN-LOG; CONVEN- 
IENT-TITLE ; STERN-CHECK ; SCHOOLHOUsE- 
CANDIDATE; BELL-I'VE; HAST-CREATE; BELL? 
Thus, there was a 2-sec. retention interval 
and the correct response (i.e., I'VE) was given 
by 10 of 23 Ss. In other Tespects the pro. 
cedure was the same as that of Exp. III. 
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the rapid forgetting. Experiment VI „уаз 
conducted specifically to test this possibility, 
and naive Ss were used throughout. That is, 
each $ was tested once and only once, and 
there were different Ss at each retention 
interval, 

The A-B pairs used in this experiment had 
all been used as critical pairs in Exp. III, had 
appeared at either the 6-sec. or 8-sec. retention 
interval (where the curve is essentially flat; 
see Table 5), and were all at the median value 
(correctly recalled by 4 of 16 Ss) for number 
of correct recalls for pairs at these two 
retention intervals, "Thus, it seems safe to 
assume that the A.B pairs used in this 
experiment were of average difficulty. 

In this experiment the lists were six pairs 
long and the presentation rate was 2 sec/pair. 
With a different group of naive Ss at each 
retention interval, 6 groups of Ss would be 
necessary for one replication. For greater 
generality there were two replications, or 12 
different groups of naive Ss in all. The 
Specific lists used in each of the two replica- 
tions are shown in Table 7. Each list was 
always presented in the order shown (i.e., 
from HEALTHY-BELT to SPREAD-HE), and the 
retention interval corresponds to the critical 
Pair in the same row (i.e., when HEALTHY-BELT 
Was the critica] pair the retention interval was 
10 sec). In all there were 296 Ss; group 
festing was used, and the size of cach group 
15 given in Table 7 as the denominator under 
Proportion correct for each replication. 

The procedure Was carefully explained to 
each group before the list was presented. In 
effect, they were told that they would be 
shown a list of six pairs and tested for the 
recall of the second word of one of the pairs. 


LL a € pairs were hand-written on heavy card- 
Experiment VI.—In Exp. I-V each S was board using a marking pen and letters 4 in. 
tested repeatedly under all conditions. With high. The cover card had written on it, 
repeated testing of the same Ss PI could can yoy SEE THIS? “Th ae d; to! beno 
accumulate across lists and so contribute to trouble with legibilit sss 
ity. 
TABLE 7 
Lists anp RESULTS ор Exp, VI 
Replication A Replicati B 
Retention E j 
Interval 1 Hl 
(Sec) List Proportion i 4 
Correct. List s ї 
10 HEALTHY-BELT 15/17 DELIGHTFUL-IMpORT 28/52 en 
8 SETTLE-LOUDLY 4/23 GAY-FACTOR 4/23 20 
6 HIGHWAY-LEAN 8/36 DESIRE-WHERE 15/37 32 
à NOBODY-BURY 8/22 EARN-OPERATOR 2/16 20 
2 READING-ANGER 2/16 FEDERAL-DUKE 5/22 d 
0 SPREAD-HE 16/16 INTELLIGENT-HEAVy 13/16 b 


SHORT-TERM RETENTION OF PAIRED ASSOCIATES 


Results 


The results of Exp. V were very 
Clear-cut; there were no differences 
in retention as a function of inter- 
trial interval and, for all practical 
purposes, there were no extralist 
intrusions from prior lists. 

When summed over all six retention 
intervals the recall probabilities were 
.431, .444, and .429 for intertrial 
intervals of 15, 25, and 40 sec., re- 
Spectively. An analysis of variance 
of number of correct recalls gave an F 
value less than 1.00. For intrusions, 
an analysis of the first 12 replications 
(72 lists) showed that, out of a total 
of 946 errors (any noncorrect recall), 
there were only 16 extralist intrusions 
from priorlists. Since these intrusions 
from prior lists accounted for less 
than 2% of the total errors, there 
seemed little justification for carrying 
the analysis any further. 

If PI effects do vary as a function 
of time interval between prior and 
original learning there is no indication 
of any such effect occurring in Exp. 
V. Actually, if prior-list intrusions 
are in fact an index of PI one would 
have to conclude that there was little 
or no PI occurring in this situation. 
At least the results of Exp. V give 
No indication that any massive PI is 
accumulating to produce the rapid 
forgetting that does occur. 

The main results of Exp. VI are 
Shown in Table 7. The numerator of 
the fraction under proportion correct 
gives the number of Ss who correctly 
recalled the critical pair at each reten- 
tion interval. Thus, at the 10-sec. 
Interval, 15 out of 17 Ss correctly 
recalled вт when shown HEALTHY 
as the cue for recall. Replications 

and B are combined into a weighted 
Average in the last column of Table 7. 

The weighted average probably 
represents the best overall picture of 

* results of Exp. VI. First, it 
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should be noted that the degree of 
original learning (0-ѕес. retention 
interval) seems to be just as high 
with naive Ss as with Ss who have 
been tested with hundreds of lists. 
That is, the weighted average for the 
0-ѕес. retention interval was .91; the 
comparable value for Exp. III was 
.901 = .085. 

Second, the forgetting seems to be 
even more precipitous with naive .Ss 
than with practiced Ss. That is, at 
the 2-sec. retention interval the 
weighted average was only .18; thus, 
in 2 sec. recall probability fell from 
.91 to .18. Judging by the results 
at the 4-sec. and 6-sec. retention 
intervals the value of .18 is probably 
somewhat low, but even if it were 
doubled or tripled it would still be 
less than the comparable value for 
Exp. III (i.e., .647 = .120). 

Third, there seems to be a very 
pronounced primacy effect. That is, 
the probability that the first pair 
would be correctly recalled was quite 
high (.62), even though the retention 
interval was fairly long (10 sec.). 
The comparable value for Exp. III 
was .277 + .128. 


DISCUSSION 


The present results clearly indicate 
that, under the conditions of these 
experiments, there is very rapid forget- 
ting of single paired associates. As in 
a previous report (Murdock, 1961b), 
probability of recall drops rapidly and 
approaches an asymptotic value of 
approximately .25 within a 10-sec. period 
of time. Comparable results under 
somewhat different conditions have been 
reported by Peterson, Saltzman, Hillner, 
and Land (1962). 

In view of the importance generally 
assigned to PI as a cause of forgetting, 
its role in the present studies should be 
carefully assessed. First, however, we 
would like to suggest a distinction be- 
tween two different types of PI that 
could operate in the short-term retention 
of single items. The first type is inter- 
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list PI, interference resulting from learn- 
ing items or pairs in previous lists. The 
second type is intralist PI, interference 
resulting from learning items or Pairs 
which precede the critical item or pair 
in the same list. Presumably interlist 
PI would gradually increase with stage 
of practice, whereas intralist PI would 
simply depend upon the number of prior 
items or prior pairs. Interlist and 
intralist PI would be independent factors 
although, of course, they could interact, 
The stress on PI as a basic cause of 
forgetting in long-term memory stems 
from the finding that retention becomes 
poorer as stage of practice increases 
(Underwood, 1957, Fig. 3, P. 53). 
Recently the same effect has been sug- 
gested for the short-term retention of 
single items (Keppel & Underwood, 
1962). For the present experiments 
this interpretation would demand that 
interlist PI increase with stage of 
practice. 
The present experiments give no 
indication of a gradual build-up of inter- 
list PI with stage of practice, 
marize, the evidence is as follow 
over the four sessions performance gen- 
erally improved, and the improvement 
was significant at the .01 level for Exp. 
I and II and for 1 S (TE) of Exp. IV. 
Second, there was no effect of intertrial 
interval in Exp. V. If interlist PI Was 
operating it might reasonably be ex. 
pected to vary over time. Third, for all 
practical purposes there were no prior- 
list intrusions in Exp. V, and prior-list 
intrusions are conventionally regarded 
as one index of PI. Fourth, the recall 
probabilities obtained on the practice 
lists and/or the first test list of Exp. 
I, II, III, and V were never above the 
overall results of the comparable condi- 
tion within each experiment; in general, 
they were below. Fifth, the forgetting 
of naive Ss in Exp. VI was, if anything, 
more rapid than that of practiced Ss. 
Therefore, it would seem that interlist 
PI is not a significant factor in the 
present experiments. 
The results of Exp. VI do Suggest that 
interlist PI may have one noticeable 
effect. This experiment showed that, 


To sum- 
rs: First, 
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with naive Ss, the recall probability for 
the first pair in the list was much higher 
than with practiced Ss. If this finding 
holds up in further replications the 
obvious implication is that interlist PI 
reduces a primacy effect.? 

While interlist PI apparently plays 
no role except to reduce a possible 
primacy effect, intralist PI does affect 
the recall of single paired associates. 
As the results of Exp. I and II indicated, 
recall probability did decrease signifi- 
cantly as number of prior pairs increased. 
While statistically significant, the mag- 
nitude of this effect was not very great. 
And, as has been pointed out, the con- 
founding of number of prior pairs with 
retention interval did not seem to affect 
the results of Exp. III and IV to any 
great extent. = 

As Table 1 shows, degree of original 
learning (i.e., recall probability at 0-sec. 
retention interval) varies inversely with 
number of prior pairs. Analyses of 
variance of number of correct recalls 
Showed that this effect was significant 
both in Exp. I, F (3, 57) = 3.15, p < .05, 
and in Exp, П, F (4, 68) = 5.27, 
In some cases there is prob- 
ably no need to correct for these differ- 
ences in degree of original learning. For 
instance, Murdock (1962a) has shown 
that, with fixed-length lists, the reten- 
tion curve for the recall of A given B is 
essentially indistinguishable from „е 
retention curve for the recall of B given 
A. Since in this experiment the main 
interest was in direction of recall there 
Жаз: по need to correct for possible 
differences in degree of original learning. 

OWever, in other cases it might be 
desirable to make such a correction. To 
aid in this Correction, the data from the 
arst column of Table 1 were plotted, and 
it was found that they could be fairly 
well described by the Gompertz function 


* If these results can be generalized to free 
recall, they may explain why Murdock 
(1962b) failed to replicate a primacy ене 
pected by Bousfield, Whitmarsh, авс 
Esterson (1958). In the former study ks 
Same Ss were repeatedly tested, while in the 


latter study Ss were tested once at eac 
length list, 


SHORT-TERM RETENTION OF PAIRED ASSOCIATES 


p = 1.000 — (.110) (.129)-9*, where p 
is recall probability and » is number of 
prior pairs. In effect, this equation gives 
degree of original learning as a function 
of number of prior pairs. For example, 
with five prior pairs p = .904; as Table 
5 shows, with » = 5 (all lists were six 
pairs long) the recall probability for the 
0-sec. retention interval in Exp. ПІ was 
901. 

The corrected retention loss for Exp. 
III was .266, .571, .666, .694, and .709 
for retention intervals of 2, 4, 6, 8, and 
10 sec., respectively. That is, corrected 
retention loss is retention loss (as shown, 
for instance, in Table 3) when degree of 
original learning is corrected for number 
of prior pairs by the formula given above. 
The corrected retention loss data clearly 
Suggest that the curve of the forgetting 
of single paired associates rapidly ap- 
ргоасһеѕ an asymptote of about .70 
Within a 10-sec. retention interval. 

It would seem, then, that intralist PI 
does have some effect on retention anda 
correction for degree of original learning 
may be in order when a high degree of 
precision is required. However, even 
intralist PI did not seem to operate in 
the expected manner. That is, it is 
generally accepted that PI effects in- 
Crease over time (Slamecka & Ceraso, 
1960), However, as Table 3 shows, 
With single paired associates PI effects 
appear to decrease over time. That is, 
the effect of number of prior pairs was 
greatest at the shortest retention inter- 
val, and at the longer retention intervals 
the effect was so irregular as to be 
questionable.’ 

In conclusion, 


the generally accep 
long-term retention are not too helpful 


in explaining the present results. Inter- 
list PI effects were notable by their 
absence while intralist PI effects de- 
creased rather than increased over time. 


. "In a previous study (Murdock, 1961a) 
Intralist PI appeared to have a U shaped 
effect; no such curvilinearity was apparent 
еге 


it would appear that 
ted principles of 
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Just what does account for the rapid 
forgetting is far from clear. It may be 
that, with the presentation of each pair, 
a perceptual trace of some kind is formed 
which rapidly decays over time. Or, 
perhaps, during the retention interval 
there is some sort of spontaneous re- 
covery of pre-experimentally acquired 
associations which serve to interfere with 
the B response to the critical À stimulus. 
Obviously there are other possibilities, 
but further work is necessary to provide 
an adequate explanation of this phe- 
nomenon. 
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EFFECT OF CONTINUED NONREINFORCEMENT 
ON THE FRUSTRATION EFFECT: 


JAMES Н. McHOSE? 
State University of Iowa 


A total of 72 preshift and 144 postshift trials in the double 
was given to 48 female hooded rats rando 
3 groups: Groups 100-50, 100-0, and 0-0, 


In recent years a series of investi. 
gations using the double runway 
apparatus have reported a frustration 
effect (FE) resulting from nonrein- 
forcement of a previously reinforced 
response (Amsel & Hancock, 1957; 
Amsel & Roussel, 1952; Wagner, 
1957). С 

In the context of behavior theory of 
the Hull-Spence variety, the FE has 
been interpreted (Amsel, 1958) as 
reflecting an increase in the drive level 
of the organism in the Second alley 
(Az) following nonreinforcement in 
the first goal box (G,), According to 
Amsel this increased drive level is the 
result of a hypothetical emotional 
(anger, frustration) response that 
occurs with nonreinforcement, The 
theory further assumes that the occur- 


1 This experiment represents a portion of a 
dissertation submitted to the Psychology 
Department of the State University of Towa 
in partial fulfillment of the requirements for 
the PhD degree. The author wishes to 
acknowledge his indebtedness to Kenneth W, 
Spence for advice and assistance throughout 
the course of the investigation. The experi- 
ment was conducted during the author's 
tenure as a National Science Foundation 
Cooperative Graduate Fellow. 

? Now at Southern Illinois University, 


alley starting 
-50 on G, nonreinforced 


тепсе and intensity of this frustration 
response (Ry) is in turn dependent 
upon the prior development in the in- 
Strumental chain of an expectation of 
reward or, in terms of Spence's (1956) 
theory, of a conditioned fractional 
anticipatory goal response (rg), in the 
first alley (A3). ; 
he present study is primarily 
concerned with the aspect of this 
theoretical interpretation which as- 
Sumes that the parameters of Raiare 
based upon those of the conditioned 
Tg in the first runway. If after train- 
ing in the double runway situation, 
reinforcement in Gı should be dis- 
Continued, it would be expected that 
at first Rp should occur in Gi and, 
Consequently, speed of running in t 
Second alley (А,) should be augmente 
compared with a control condition in 
Which there was no frustration in Сі. 
ut with discontinuance of reinforce- 
ment in G, it would be expected ш 
the strength of the fractional antici- 
Patory goal response in Ах would 
€ventually become weakened and, to 
the extent that А, and A; are dissimi- 
lar, tend to approach zero strength. 
With this decrement in the strength 
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of the conditioned rg, it would be 
expected that FE would also tend to 
decrease. 

In order to test this implication of 
the theory, three groups of Ss were 
employed. Two of the groups were 
reinforced on 100% of the trials in the 
first and second goal boxes in the first 
phase of training. In the second, 
postshift phase of the experiment one 
of these groups (Group 100-0) re- 
ceived no reinforcement in С, while 
the other (Group 100-50) received 
reinforcement in С. on a random 50% 
of the trials. Reinforcement in the 
second goal box was continued on all 
trials for both groups during the post- 
shift phase. А third group (Group 
0-0) received no reinforcement in Gi 
throughout the course of the investi- 
gation and was always reinforced in 
the second goal box. This group, as 
in Wagner's (1957) study, served as a 
control to determine whether non- 
reinforcement in Gi, after a history 
of previous reinforcements, led to 
augmentation of the subsequent per- 
formance in Аз. 

According to the theoretical inter- 
pretation outlined above, the initial 
postshift performance in As of the 
group shifted to 0% reinforcement in 
G, should exhibit an increase com- 
parable to that shown by Group 100- 
50 on trials on which no reinforcement 
was given in Gi. With the expected 
reduction in strength of r, in Aasa 
consequence of the discontinuation of 
reinforcement їп Су, the performance 
of Group 100-0 should subsequently 
decrease to a level of that of Group 
100.50 on those trials on which it 
received reinforcement in Gi and, 
presumably, also to а level approxi- 
mating that of Group 0-0 throughout 
this same period of training. 

Performance in the first alley was 
also of interest, since it would seem 
reasonable to assume that any de- 
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crease in the strength of the condi- 
tioned rg in Ау would result in a 
decrease in the performance level in 
that alley. Thus the 100-0 group's 
performance level in that alley would 
be expected to exhibit an eventual 
decrease in the postshift phase of the 
experiment. 


METHOD 


Subjects.—Forty-eight experimentally naive 
female hooded rats from the colony main- 
tained by the Psychology Department of the 
State University of Iowa served as Ss. 
Their ages ranged from 83 to 93 days at the 
beginning of the experiment. 

Apparatus.—The double alley apparatus 
consisted of an L shaped double runway. The 
first goal box served as the second start box. 

The height of the apparatus was 4 in. and 
the width 3 in. at all points with the exception 
of the first start box, which was 2 in. wide. 
The length of the various segments of the 
apparatus were as follows: the first start box 
(51), 12 in.; the first alley (Ai), 33 in.; the 
first goal box (Gi or 5), 15 in.; the second 
alley (As), 36 in.; the second goal box (Сз), 
12 in. Sections Si, Ai, and Gi were painted 
flat black and had a black ribbed plastic 
floor, while Sections As and Gz were painted 
white and had a smooth white floor. Sections 
S, and С» had removable Plexiglas tops; 
the remaining segments of the apparatus were 
covered with plate glass. А small metal cup 
mounted on the wall of С, served as the 
foodcup in that goal box and a small wooden 
block with an indentation for food pellets 
served as the foodcup in С». 

The apparatus had four doors: a dropping 
start door between S; and Aj, a guillotine 
start door between Ss and А», a sliding door 
between A; and Gi, and a guillotine door 
between Аз and Ga. Dropping the first start 
door activated a Hunter Klockkounter which 
stopped when S interrupted a photocell beam 
located 6 in. from Si. Raising the second 
start door activated a second counter which 
stopped when S interrupted a second photo- 
cell beam located 6 in. from S». Photocell 
beams were passed through infrared filters. 

Procedure.—Fifteen days prior to the first 
training day, Ss were placed on a 23-hr. 
food deprivation schedule employed through- 
out the experimental period. Feeding was 
always conducted in the home cages and, 
with the exception noted below, always 
consisted of 1 hr. access to Purina lab chow. 
On the 2 days immediately preceding the 
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first training day, all Ss were given 30 min. 
feeding with Noyes pellets and 30 min. 
feeding with Purina lab chow. During both 
the habituation and experimental period, 
water was available at all times in both home 
and carrying cages. 

The experimental Procedure consisted of 
two stages: a 72-trial acquisition phase and a 
144-trial postshift period. In the acquisition 
phase 32 Ss received twi 
pellets in both G, and Gear 
pellets in С, and two pelle: 


Following 
Trial 72, the 


ad been rewarded 


(Group 100-0) received 
during the postshift phas 
(Group 100-50) received t 
half the postshift trials an 
the trials according to the в repeating 
cycle: FRFR, КЕКЕ, RFFR, FRRF, RRFF, 
FFRR where R and F designate rewarded 
and nonrewarded (frustrated) trials, re. 
spectively. Those Ss i 

in Сі during acquisiti 
no reward during th 
experiment. Subj 
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day with the exception of the first 2 days of 
training, оп which .Ss received two trials. 
The experiment was conducted in two 
replications. 

A trial began with the introduction of S 
into the first start box. The first start door 
was dropped after .S maintained an orientation 
toward it for 3 sec. When S entered Gi, the 
sliding door separating Ay and G, was closed. 
The S either received no reward or two 
pellets in Gy, according to the group to which 
S was assigned. After S had eaten, E counted 
1 sec. and raised the second start door. (In 
the case of nonrewarded trials, E counted 
4 sec. before raising the door.) When 5 had 
entered Сз, the guillotine door separating Аз 
and С: was closed and S was removed immedi- 
ately after eating. All Ss were fed at the end 
of the last experimental trial for the last S 
of the day. 


RESULTS AND Discussion 


1 presents group mean 
Alley 2 Starting speeds as a function 
of trial blocks, The vertical line after 
Trial Block 9 indicates the point at 
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Which the reinforcement schedule in 
G, was changed for Groups 100-50 
and 100-0. Each preshift block 
consists of 8 trials. The data for the 
postshift trials were separated into 
blocks of 16 trials. The means of each 
of these blocks were then plotted for 
Groups 100-0 and 0-0. For Group 
100-50, however, mean speeds for the 
8 trials on which Ss were rewarded in 
С, (R) and the 8 trials on which they 
received no reward (F) were plotted 
Separately. 

Inspection of Fig. 1 indicates that 
the data for Group 100-50 not only 
exhibited the FE following the intro- 
duction of nonreinforcement in Gi, 
but that this effect persisted through- 
out the 144 postshift trials. A Treat- 
ment X Treatment X S analysis of 
variance (all variance analyses used 
are identified according to Lindquist's, 
1953, terminology) over the first 
(10-11) and last (17-18) two trial 
blocks of this phase indicated that the 
FE was significant at the .001 level, 
F(1,15) = 36.4. A Treatment X Ss 
analysis of this group's performance 
on the last two preshift blocks (8-9) 
and its subsequent performance on 
the first two postshift trial blocks of 
frustrated trials revealed an F ratio 
Significant beyond the .025 level, 
P (1, 15) = 7.96. 

Demonstration of FE is in accord 
With results of previous investigators 
(Amsel & Hancock, 1957; Amsel & 
Roussel, 1952; Wagner, 1957). The 
higher performance level following 
nonreinforcement in Gi supports the 
Position that nonreinforcement of a 
Previously reinforced response results 
in an increase in drive level (D). The 
increase їп D is interpreted as due to 
rustration in Gi. Previous investiga- 
tions were supplemented in that the 
Persistence of FE over 144 trials was 
*monstrated. Previous investigators 

ad not extended the postshift period 
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beyond 54 trials (Wagner, 1957). If, 
as stated in frustration theory, FE 
depends on the strength of reward 
expectancy in С, then this persistence 
would be expected since Group 100-50 
was fed in G, on a random half of the 
postshift trials, thereby maintaining 
the conditioned гу. 

Turning next to the group in which 
none of the trials in the postshift 
period were rewarded in С, (Group 
100-0), it may be noted that the 
performance of this group, like that of 
Group 100-50 on frustrated trials, 
showed a marked increase on the first 
postshift block of 16 trials. Unlike 
the 100-50 F performance curve, how- 
ever, that for Group 100-0 gradually 
dropped to the level of performance 
exhibited by Group 100-50 on Gi 
rewarded trials. Analysis of variance 
of the performance data represented in 
Curves 100-50 F and 100-0 over Trial 
Blocks 10-11 and 17-18 revealed a sig- 
nificant (p < .01) Trials X Groups 
interaction, F (1, 30) = 12.09. A 
simple variance analysis of the last two 
trial blocks (17-18) indicated the dif- 
ference between groups was significant 
(p « .05) at these points, F (1, 31) — 
5.45. Analogous analysis of Group 
100-0's performance with that for 
Group 100-50 on R trials provided a 
Trials X Groups interaction F ratio 
significant at the .05 level, F (1, 30) — 
6.34. However the difference between 
these performances at Trial Blocks 
10-11 fell short of significance (р> .10). 
The obtained interaction nevertheless 
suggests that there was a difference 
between groups either at the first 
(10-11) or second (17-18) trial blocks. 

A Treatment X Sanalysis of Group 
100-0 late preshift (8-9) and early 
postshift (10-11) performance also 
yielded an F ratio short of significance 
(p > .10). 

Neither the comparison of 100-0 
postshift performance to that of 
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100-50 on R trials nor the analysis of 
preshift and postshift performance of 
Group 100-0 offers reliable evidence 
that nonreward facilitated 100-0 per- 
formance. However, the comparisons 
of 100-0 and 100-50 data suggest such 
an effect, as does the significant Trials 
X Groups interaction obtained in the 
analysis of 100-0 and 100-50 R data. 

If the evidence of enhanced 100.0 

performance is accepted, the analyses 
clearly suggest that the facilitative 
effects of nonreinforcement dissipate 
over the postshift period. These 
results suggest that the frustrative 
effects of nonreward are indeed de- 
pendent on the expectancy of reward 
in the first goal box (S, — rg). The 
postshift phase consisted of extinction 
of rg for Group 100-0. ‘The extinction 
of rg, as implied in frustration theory, 
resulted in dissipation of the frustra- 
tion response (Ry) and, consequently, 
a decrease in drive level, 

As may be seen in Fig. 1, the control 
(0-0) group exhibited postshift .per- 
formance above that for Group 100-50 
on R trials, but below that for Group 
100-50 on F trials, Analyses of 
variance over early (10-11) and late 
(17-18) postshift trials indicated no 
significant differences between the 
control group performance and either 
the 100-50 F or 100-50 R performance 
levels. These analyses also revealed 
no significant Trials x Groups inter- 
actions over these trial blocks. 

The present control group's per- 
formance is difficult to interpret, It 
differs from Wagner's (1957) finding 
in that in the latter study the post- 
shift performance of the group that 
never received reward in Gı was at 
the same level as the performance 
on nonreinforced trials of the group 
rewarded on 50% of the trials in Gi, 
i.e., 100-50 R. One possibility is that 
the asymptotic performance of the 
present group was, because of a 
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sampling difference, somewhat above 
that of the two experimental groups. 
The fact that the performance of the 
control (0-0) group did not differ 
significantly at the end of training 
(Blocks 17-18) from the performance 
of the experimental groups does not 
support the possible interpretation 
that the latter groups’ performance 
was depressed on rewarded trials. 
Also the fact that the final postshift 
performance levels of the 100-0 group 
and the 100-50 group on R trials did 
not differ appreciably from their final 
preshift performance levels precludes 
this interpretation, Regardless of the 
interpretation of the present control 
group performance, it should be noted 
that the facilitative effects of non- 
reward were not demonstrated insofar 
as the comparisons are based on the 
0-0 group, but only within the ex- 
perimental Ss, 
Figure 2 presents group mean Alley 
1 starting speed data for the three 
groups as a function of trial blocks. 
Each preshift trial block consists of 
8 trials and each postshift block of 16 
trials. The vertical line represents the 
point at which nonreinforcement was 
introduced for Groups 100-0 and 
100-50. As may be seen, all groups 
appear to have stabilized at ap- 
proximately the same asymptote by 
the end of the preshift period. Simple 
analysis of variance indicated that 
there were no significant differences 
between groups over Trial Blocks 8-9. 
„Considering next the postshift data, 
Fig. 2 shows that the 100-50 curve 
rises with continued training whereas 
the 100-0 curve decreases. Analyses 
of variance were performed over Trial 
locks 8-9 and 18 to compare Group 
0-0 with Group 100-50 and with 
Toup 100-0. These analyses yielded 
Trials x Groups interaction F ratios 
significant at the .05 and .001 levels) 
respectively, F (1, 28) = 4.66 an 
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F(1,28) = 13.89, indicating that the 
curves for Groups 100-50 and 100-0 
diverged from that for Group 0-0 dur- 
ing the postshift period. Treatment 
X S analyses over these trial blocks 
revealed significant trial effects for the 
100-50 and 100-0 groups, F (1,28) 
— 23.34 and Fi, 28) = 12.16, but 
not for the 0-0 group, although the 
trial effect for the latter group ap- 
proached significance (p > .05). 


An interpretation of the Alley 1 post- 
shift data in terms of frustration theory 
is fairly simple. The introduction of 
continual nonreward for Group 100-0 
would lead to the extinction of the 
conditioned rg in the first alley and, since 
rg is assumed to facilitate performance, 
this would lead to а performance 
decrease. t 

The shift in Gi percentage reinforce- 
ment for the 100-50 group, however, 
would lead to conditioned frustration 1n 
Alley 1, and the consequent increase 1n 
drive level would result in enhanced 


performance. 


Assuming that Group 100-50 was at 
asymptote prior to the shift in Gi 
percentage reinforcement, the significant 
performance increase may be taken 
as evidence supporting the conditioned 
frustration mechanism. It should be 
noted that Wagner (1957) has reported 
this same phenomenon. Moreover, this 
phenomenon is similar to the finding 
that 50% reinforcement results in higher 
asymptotic performance in the single 
alley situation than does 100% reinforce- 
ment (cf., Goodrich, 1959; Wagner, 1961; 
Weinstock, 1954). This latter phe- 
nomenon has also been interpreted 
(Spence, 1960) in terms of the develop- 
ment of conditioned frustration on the 
50% reinforcement schedule. 
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PREFERENCE FOR BAR PRESSING OVER “FREELOADING” 
AS A FUNCTION OF NUMBER OF REWARDED PRESSES! 


GLEN D. JENSEN 
DePaul University 


200 rats were given a choice between eating pellets from a dish attached 
to the floor of a Skinner box or pressing a bar to earn pellets after 40, 
80, 160, 320, 640, or 1280 rewarded presses. All but 1 of the rats left the 
food dish and resumed pressing the bar at some point during a 40-min. 
choice period. The mean percentage of all pellets eaten during the 
choice period that were earned by bar pressing was shown to be an 


increasing function o! 
choice period. 


In their efforts to avoid anthropo- 
morphizing, psychologists seem to 
have ignored the possibility that 
common operants such as maze run- 
ning or bar pressing hold varying 
amounts of intrinsic appeal for the rat. 
Intrinsic appeal may be thought of as 
a pleasant emotional state experienced 
while performing the operant, but an 
operational definition is needed. We 
will say that an operant has intrinsic 
appeal for a species if members of that 
species show a preference for obtaining 
food by using that operant as opposed 
to using a less-effortful operant or a 
better-established operant that would 
lead to an equal or greater amount of 
food per unit of time. It is felt that 
these operations are sufficient to dis- 
tinguish intrinsic appeal from operant 
level which is commonly defined, in the 
Skinner-box situation, as rate of 
pressing prior to the first reward. It 
may well be, however, that future 
research will prove the concepts to be 
directly related. It seems likely that 
some situations which show high 
intrinsic appeal will also be char- 
acterized by high operant levels, but 
this is strictly an empirical question. 

This paper reports an attempt to 
demonstrate that bar pressing has an 

1The research was supported by Grants 
M-2834 and M-4494 from the United States 
Public Health Service. 


f the number of rewarded presses made prior to the 


appreciable amount of intrinsic appeal 
for the rat. Further, an attempt is 
made to demonstrate how intrinsic 
appeal varies over a rather wide 
range of rewarded presses made prior 
to the test of intrinsic appeal. 


METHOD 


Subjecis.—The Ss that completed the 
experiment were 200 male albino rats Írom 68 
to 140 days of age. Two additional Ss were 
discarded because of failure to learn the bar 
pressing response and 3 because of illness. 
The first 140 Ss were randomly assigned to 
seven experimental conditions subject to the 
restriction that each group contain 20 .Ss. 
The last 60 Ss were randomly assigned to 
three experimental conditions that were 
strategically selected replications of three of 
the previously administered conditions. 

Apparatus.—Three Skinner boxes com- 
parable to the one described by Jensen (1961) 
were used. 

Procedure.—For a minimum of 10 days 
prior to the Dispenser Training Day each S 
was fed 10 gm. of finely ground Purina lab 
checkers 1 hr. after the time of day when S 
was later to be run. 

On the Dispenser Training Day S was 
placed in the Skinner box for 25 min. During 
the 25 min., the pellet dispenser automatically 
delivered a 45-mg. pellet every 30 sec. until 
a total of 50 pellets had been delivered. The 
bar was covered by a tin shield during this 
session. At the end of the session, E returned 
the rat to his home cage and fed him 10 gm. 
of ground checkers minus the weight of the 
50 pellets 5 hr. later. 

Twenty-four hours after the Dispenser 
Training Day, each S was placed in the 
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Skinner box and allowed to make 40 rewarded 
presses. All Ss but those in Group 40 were 
then returned to their home cages and fed 
10 gm. minus the weight of 40 pellets at the 
end of the hour. For an S in Group 40, the 
Skinner box was opened after the fortieth 
press and the power was turned off. The E 
then inserted a tin cup containing 250 45. 
mg. pellets. The cup was 23 in. in diameter 
and 1} in. deep. It was identical to the cup 
from which Ss had eaten in their home cages 
for anywhere from 10 to 90 days, 
was securely fastened to the floor of 
chamber in the 


the cup 
The choice period 
lasted 40 min, Then E computed the per. 


centage of all pellets eaten during the choice 
Period that had been “ 


Pressing. To do SO, it wa: 
out and count Pellets tha 
delivery tube of the pelle 
food cup, and below the 
cup or the pellet hopper. 
ment below the grid floor 
of confusing pellets spilled 
those dropped near the food cup. 

The Ss in Group 80 made 40 more re- 
warded presses on Day 2 and then were 
given a choice Period identical to that of 
Group 40. Group 160A made 80 rewarded 
Presses on Day 2 and then received a 
Choice" session on Day 3 (the san 
ment that Group 40 received on 
Group 80 received on Day 2). 
made 40 rewarded Presses on each of Days 
2 and 3 and then received “40 


Plus choice” 
treatment on Day 4, The Ss in Group 320 


n Days 2 and 3 


or by pressing 


2 and 3, 160 
of Days 4-9, 
treatment on 
е choice day, 
e number of 
g. The condi. 
320, and 640 were 
replicated at a later date with 60 new Ss, 


RESULTS AND Discusston 


The proposition that the typical 
rat prefers bar pressing for food to 
"freeloading" from the food Cup at 


JENSEN 


Some point prior to satiation is well 
indicated by the fact that only 1 5 
of the 200 run ate 100% of his pellets 
from the food cup. Also, 44% of the 
Ss earned more than half of all pellets 
eaten during the choice period by 
bar pressing. . . 
Figure 1 shows the relationship 
between preference for bar pressing 
over "freeloading" and number of 
Tewarded bar presses prior to the 
choice period. The solid circles repre- 
sent the original seven groups. Anal- 
ysis of the scores from which these 
means were determined yielded a 
difference significant at the .01 level, 
F (6, 133) = 4.49, However, a sub- 
sequent Tukey? analysis for comparing 
individual means revealed that Group 
1,280 differed significantly from all 
other groups at the .05 level or better, 
but no other comparisons were 
significant, 
The open circles in Fig. 1 show the 
results of a partial replication. Group 
40R differed from each of the other 
replicated groups at the .05 level, but 
the other Sroups were not significantly 
different from each other. 
Group 160B Which had an extra 
Tewarded session relative to Group 
160A Showed (nonsignificantly) less 
Preference for bar pressing than Group 
160A Consequently there is no 
indication that number of rewarded 
Sessions ag Opposed to number of 
rewarded presses is a major deter- 
Miner of Preference for bar pressing. 
Until better evidence is available, 
the equation shown in Fig. 1 will be 
assumed to Summarize the relation- 
ship between the dependent and the 
independent variables of these experi- 
ments. The equation represents e 
best fit that can be obtained wit 
à fairly simple exponential function 
*J. W. Tukey, privately circulated mono- 


graph entitled “The Problem of Multiple 
©Mparisons,” 1953. 
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70 


60 


MEAN PERCENTAGE OF ALL PELLETS EATEN 
THAT WERE OBTAINED BY BAR PRESSING (Y) 
^ 
о 


40 80 160 320 


ap EQUATION: Ү=100(1-№-!98) 


640 1280 


NUMBER OF REWARDED PRESSES (N) 


Fic. 1. Mean percentage of all pellets eaten during the 40-min. choice period that 
were earned by bar pressing as a function of number of previous rewards. 


when all 10 points are given equal 
weight. The multiplier was rationally 
Set at 100 because it is analytically 
true that rats can not obtain more 
than 100% of their pellets by bar 
Dressing. The point for Group 1,280 
is badly missed. This can be rem- 
edied only by using a considerably 
More complex equation. Future re- 
Search may demand transition to such 
ап equation; but for the present we 
Will assume that the point for Group 
1,280 is spuriously high. 


An increasing function such as that 
Shown in Fig. 1 could be predicted from 
ullian theory in terms of competing 
abits. The habit of seeing food in a 
Сир and eating it might be said to 
Compete with the habit of seeing the bar 
Pressing it. It is true that the 
relative strength of the latter habit to 


the former habit increased between 40 
and 1,280 rewarded presses. However, 
the real question for Hullian theorists 
would seem to be that of why the rats 
pressed the bar at all. Even for Ss in 
Group 1,280 the response of approaching 
food to the characteristic stimuli of food 
and hunger had been reinforced many 
more times and with less delay than the 
response of pressing the bar to the 
characteristic stimuli of the bar. During 
each of the 1,280 rewarded presses the 
response of approaching food was re- 
inforced, and with less delay than the 
response of pressing the bar. Also, the 
response of approaching food was re- 
warded many times outside of the 
Skinner box. 

Prior to the present experiment about 
100 rats had been given a similar choice 
situation except that the food cup was 
merely inserted without making sure 
that S had started eating and was facing 
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the food cup as the box was reclosed. 
Under these conditions many 5s con- 
tinued pressing without ever eating a 
single pellet from the food dish. These 
operations left the door open for a 
Guthrian interpretation. That is, it 
could be said that the rat merely con- 
tinued doing what he had last done, 
namely, pressing the bar. It would seem 
that the present operations make such 
an interpretation less plausible, since 
the last thing the 5 was doing before the 
onset of the choice period was eating 
from the dish. 

It is unfortunate that no means were 
available for measuring the number of 
times that a rat switched from cup 
eating to bar pressing and the rela 
time spent at each activity. However, 
the E frequently observed through a 
peephole and was able to form a strong 
impression to the effect that once a rat 
Started pressing the bar he did not 
return to the food cup. This may have 
theoretical implications, but the author 
declines comment for the present. 

The need for a Concept such as in- 
trinsic appeal is evident in the data of 
Cotton, Lewis, and Metzger (1958). 
They found that rats run much 
during early trials in the 4-ft. alle 
T maze than in a 4.ft, runway. 
constructor of mathematical models 
tries to predict absolute running speeds 
in both runway and T maze will be 
forced to arbitrarily assign different 


tive 


faster 
y of a 
The 


who 
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rates of approach to the asymptote to the 
two situations unless some independent 
evidence is found to warrant different 
rate constants. The technique for 
measuring intrinsic appeal may provide 
such evidence. It is predicted that rats 
who are given a choice between eating 
pellets in the start box or running a T 
maze after (e.g.) 20 rewarded runs will 
make their first run after eating fewer 
pellets than rats that have been similarly 
treated in a runway. It was recognized 
that this prediction has little chance o 
success if the running operant does not 
have some minimal amount of intrinsic 
appeal. Four rats have been given a 
choice between eating from a full food cup 
in the start box or traversing a 4-ft. дл 
way for a single pellet. Each S p^ 

received 20 rewarded runs prior to the 
choice. All 4 Ss traversed the gest d 
after eating less than half their daily 
ration from the food cup. 
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SECONDARY REINFORCEMENT IN CHILDREN AS A 
FUNCTION OF CONDITIONING ASSOCIATIONS, 
EXTINCTION PERCENTAGES, AND 
STIMULUS TYPES! 


JEROME L. MYERS лхо NANCY A. MYERS 


University of Massachusetts 


96 preschool children were conditioned and extinguished in a free 


operant situation. 


of either a light or a buzzer on either 20% or 100% of the trials. 


Extinction responses resulted in the presentation 


The 


extinction stimulus was 1 of 3 types: it was paired either with reward 


only during conditioning (PAS), oi 


r with reward and nonreward (MAS), 


or with nonrewarc (NAS) only. The PAS resulted in most extinction 


respor 


ases followed by the MAS and then the NAS. More responses 


resulted from 100% presentation of the PAS than under the other condi- 


7 
tions. 


Myers and Myers (1962) recently 
obtained strong secondary reinforce- 
ment effects during extinction of a 
free operant response in children with 
continuous presentation of a buzzer 
which had previously appeared follow- 
ing 20% of the responses during 
conditioning. The Ss who had been 
conditioned in the same manner but 
received the buzzer following only 
20% of their extinction responses 
made significantly fewer responses 
than those Ss receiving the buzzer 
following 100% of their extinction 
responses ; however, they made signifi- 
cantly more responses than a group 
receiving 0% buzzer in extinction. 
Clear secondary reinforcement effects 
have not always been obtained with 
either rats or children. Furthermore, 
there is some support for a discrimina- 
tion hypothesis of secondary reinforce- 
ment effects (Bitterman, Fedderson, 
& Tyler, 1953; Melching, 1954) which 
would predict that the group ex- 
tinguished under 20% buzzer should 
have the highest extinction rate, 
followed by the no-buzzer group, 


1 This research was supported by funds 
rom National Institute of Mental Health 
Grant M-2620(C-2). 


The light was more effective than the buzzer. 


followed by the 100% buzzer group. 
It is therefore important to isolate the 
factors operating in the Myers and 
Myers study. One such factor may 
be the way in which the buzzer was 
presented during conditioning, i.e., on 
all reinforced trials, but only on rein- 
forced trials. This is suggested by 
two experiments. Saltzman (1949) 
found that an excellent discrimination 
between goal boxes in a U maze (no 
food present) could be established, if 
the correct box had previously been 
the goal box on rewarded runway 
trials, and had been absent on non- 
rewarded runs. More recently, Miller 
(1961) has reported that "informa- 
tive" stimuli (stimuli paired only with 
reward) have stronger secondary rein- 
forcement effects {һап "redundant" 
stimuli (stimuli present on both re- 
warded and nonrewarded conditioning 
trials). 

Тһе major purpose of the present 
study is to investigate the relative 
effectiveness of various percentages of 
positive association stimuli (stimuli 
presented only on rewarded condition- 
ing trials), mixed association stimuli 
(stimuli presented on both rewarded 
and ronrewarded conditioning trials), 
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and negative association stimuli (stim- 
uli presented only on nonrewarded 
trials) presented during extinction of 
an operant response in children. In 
addition, data will be provided on the 
relative effectiveness of two physically 
different stimuli which have been 
paired with primary reinforcement. 


METHOD 


Apparalus.—The apparatus employed was 
a portable box designed to attract the interest 
of preschool children. On the front was 
painted a clown face, having red jewel-light 
eyes, a push-button nose, and a slot-tray 
mouth. M & M coated chocolate candy was 
dispensed through a tube to the mouth of the 
clown, while a 3-sec. buzz was heard from the 
interior of the box. The E had access to and 
Operated three silent knife switches which 
allowed administration of the predetermined 
reinforcement. The number of responses was 
recorded on an electric magnetic counter 
mounted on the back of the box, out of 
S's sight. The E recorded the number of 
responses made during each successive 30 
sec. of extinction. 

Subjects.—The Ss were 96 boys and girls 
between the ages of 4-9 and 6-1 attending 
kindergartens in Northampton, Massa- 
chusetts.? 

Procedure.—Each $ was asked in the 
classroom if he would like to Play a clown 
game, and if he acquiesced he was led to a 
small testing room. The clown was placed on 
a small table and 5 was instructed to sit 
at the small chair in front of it. No written 
instructions were read to S, but Е 
standardized the verbal instructions as much 
as possible. Attention was called to the 
clown face, especially the nose. The Ss were 
told that "something happens when you 
press his nose. Let's see what happens," 
The E pressed the clown's nose and thereby 
turned on the eye-lights, and the buzz, and 
received an M & M. The S was encouraged 
to try it also and was given one rewarded 
preliminary trial. He was then told he could 
stay and play the game “аз long as you want." 
The E then sat down behind the table, 
facing the open back of the box and S. 

Each 5 was reinforced according to a 


2? The authors wish to thank W, Barry, 
Superintendent of Schools, and Esther Wien, 
Elementary School Supervisor, Northampton, 
Massachusetts, for their helpful cooperation 
in providing facilities and Ss for this study, 
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predetermined reinforcement schedule which 
delivered a total of 15 M & M candies. Im- 
mediately following the fifteenth reinforce- 
ment, the extinction period commenced; no 
candy reinforcement was administered, and 
each S was run until he stopped and indicated 
a desire to return to the classroom or until 
5 min. had elapsed, at which time E 
terminated the session. One last candy was 
offered at the end of the extinction period. 
Design.—Four boys and four girls were 
assigned randomly to each of 12 groups. One 
stimulus (the mixed association stimulus) 
Was presented on each trial during condition- 
ing for 8 groups. The other stimulus (the 
Positive association stimulus) was presented 
only on the 20% of the trials when a candy 
was delivered. The 8 groups differed only 
With respect to extinction treatment, one 
Pair of groups (100% PAS) received the 
Positive association stimulus for every button 
press in extinction; one pair of groups 
(20% PAS) received the positive association 
stimulus on approximately every fifth re- 
sponse, as in conditioning; the third pair of 
groups (100% MAS) received the mixed 
association stimulus for every button press 1n 


extinction; and the fourth pair of groups 
(20% MAS) received the mixed association 
stimul 


us on approximately every fifth re- 
sponse. For one group of cach pair the [AT 
lights were the positive association stimulus 
and the buzz the mixed association stimulus; 
for the other group the reverse was true. 
Four additional groups received 20% positive 
association stimulus plus candy reinforcement 
during conditioning trials, as did the first 8 
groups, but differed from these groups in that 
they received the other stimulus also on only 

% of the conditioning trials, and further- 
more this stimulus (the negative association 
stimulus) never occurred on those trials when 
candy was delivered. One pair of these 
groups (100% NAS) received the negative 
association stimulus for every button press 
in extinction; the other pair (20% NAS) 
received the negative association stimulus de 
every fifth extinction response. Again for 
Sroup of each pair the eye-lights were the 
Positive association stimulus, the buzz the 
negative association stimulus; for the other 
group this was reversed. 


RESULTS 


Figure 1 presents the mean number 
of responses for each 1 min. of extinc- 
tion for each of the 12 experimental 
8roups. The positive association 
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STIMULUS = LIGHTS 


100 -PAS 


MEAN NUMBER OF RESPONSES 


M 


STIMULUS = BUZZ 


HALF-MINUTES OF EXTINCTION 


Fic. 1. 


stimulus (PAS) in extinction evokes 
the highest extinction response rate, 
the mixed association stimulus (MAS) 
yields fewer responses, and the nega- 
tive association stimulus (NAS) yields 
the least responses under both per- 
centages and both types of stimuli. 
The significant F (р < .001) for 
Schedules in Table 1 reflects these 
differences. Presentation of the stim- 
ulus following 100% of extinction 
responding yields more responses than 
20% when the stimulus isa PAS, but 
less than 20% when the stimulus is 
either a MAS or NAS. This is sup- 
Ported by a significant F (p « .001) 
for Sc x P. Despite the interaction, 
the mean response rate of groups 
tested under 10096 presentation is 
higher than that of groups tested 
under 20%. This is borne out by a 


Mean number of responses for successive half minutes of extinction. 


significant F for Percentage (p < .05). 
The significant F (p < .05) for Stimu- 
lus reflects the higher response rate 
when the light is the extinction 
stimulus than when the buzzer is. 
The significant F (p < .01) for 
Sc X St is due to the fact that the 
separation of response rates under 
light and buzzer is greatest when the 
stimulus is a PAS, less when it is a 
MAS, and reverses slightly (i.e., the 
buzzer yields more responses) when 
the stimulus is a NAS. 

The Trials main effect (p < .001) 
reflects the usual extinction occur- 
rence; response rate drops over time. 
Response rate decreases slightly more 
rapidly when the extinction stimulus 
is a NAS than when it is a MAS, 
resulting in a significant Sc X T 
(p < .05) interaction. 


does not permit S to discriminate be- 
tween the subsequent presence and 
absence of reward. The discriminative 
stimulus hypothesis also accounts for the 
fact that the presentation of the NAS 
in extinction resulted in lower response 
rates than did the PAS or MAS. If a 
stimulus which consistently signals the 
presence of reward acquires secondary 
reinforcement. properties, it follows log- 
ically that a stimulus which consistently 
signals the absence of reward will acquire 
negative secondary reinforcement prop- 
erties; it becomes a punishment for the 
response. The discriminative stimulus 
hypothesis is also consistent with Miller's 
(1961) statement that a stimulus which 
is the only reliable predictor of the onset 
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TABLE 1 
SUMMARY OF ANALYSIS OF VARIANCE 
Source df| MS F 
Total 959 
Between 95 
Schedules (Sc) 2 4,715.582| 212.070*** 
Percentage (P) 1| 152.801| 6.872* 
Stimulus (St) 1| 134.254] 6.038* 
Sc XP 2| 639.908| 28.779*** 
Sc X St 2| 112.619) 5.065** 
PXSt 1| 12.376 = 
Sc XP X St 2| 69.620 3.131* 
Ss/Sc X P X St 84| 22.235 — 
Within 864 
Trials (T) 9| 269.242| 98.156*** 
Sc XT 18| 5.592] 2:039* 
PXT 9 035 — 
SEXT 9 1.811 — 
ScXPXT 18| 4.535) 1.653 
Sc X St XT 18| 3484| 1.270 
HESS Xs хт $| Si у 
S D t 18 3.260] 1.185 
Ss X T/Sc XP XSt |756] 2:743 f 
жр < .05. 
**p < .01. 
*"* р < 1001. 


A Duncan range test was used to 
compare the means of the six com- 
binations of schedule and percentage. 
All means differed significantly from 
each other at the .01 level except 
20-MAS and 100-MAS (p > .05). 


DISCUSSION 


In the present study the extinction 
stimulus was scheduled during condition- 
ing in one of three ways: (a) it was 
presented on rewarded, and only on 
rewarded, trials (PAS); (b) it was 
presented on all trials, rewarded and 
nonrewarded (MAS); and (c) it was 
presented only on some of the non- 
rewarded trials (NAS). The PAS pro- 
cedure yielded the most responses, the 
MAS next, and the NAS least, These 
results are consistent with the hypothesis 
that a stimulus must be discriminative 
(Dinsmoor, 1950; Schoenfeld, Antonitis 
& Bersh, 1950) in order to be established 
as a secondary reinforcer. The PAS is a 
discriminative stimulus because its pres- 
ence following the button press con- 
sistently signals the subsequent presence 
of candy, and its absence signals the 
absence of candy. The MAS, according 
to the discriminative stimulus hypoth. 
esis, should not become an effective 
secondary reinforcer since its presence 


of food during conditioning is a strong 
secondary reinforcer. à 

The PAS evoked more extinction 
responses when presented on 100% of the 
extinction trials than when presented on 
20% of those trials. Since the stimulus 
had appeared on 20% of the conditioning 
trials, the results contradict a “discrimi- 
nation" (Bitterman et al, 1953) or 
"generalization" (Melching, 1954) hy- 
pothesis of secondary reinforcement, 
Which would predict that the groups 
experiencing least change from condition- 
ing to extinction would maintain the 
highest extinction response rates. How- 
ever, the results of the present study are 
Supported by previous findings that 
stronger secondary reinforcement is ob- 
tained under continuous than under 
Partial presentation in extinction (Myers 
1960; Myers & Myers, 1962). There 19 
Presently no clear explanation of these 
differences in results, unless it be the 
dubious one that secondary reinforcers 
are formed with children and discrimina- 
tions (between conditioning and extinc- 
tion) are formed with rats. 

The NAS evokes more responses when 
presented on 20% of the extinction trials 
than when presented on 100%. This 18 
Consistent with the results for the PAS, 
if one assumes that the NAS, through 
repeated presentations on nonrewarded 
Conditioning trials, has become an aver- 
Sive stimulus, or negative secondary 
reinforcer. In that case, fewer responses 


SECONDARY REINFORCEMENT IN CHILDREN 


should occur, the more often it is 
presented. Within the framework of the 
above discussion, the fact that 20% 
MAS and 100% MAS do not differ 
significantly in effects on extinction rate 
suggests that a stimulus paired with 
these percentages of reward and non- 
reward is essentially neutral in its effects. 
This is supported by the fact that Ss 
from the same population, tested with 
the same apparatus, à buzzer stimulus, 
and the same conditioning reinforcement 
schedule, with no stimulus in extinction, 
showed about the same response rate as 
the two MAS-buzzer groups did (Myers 
& Myers, 1962). Since 80% of the 
conditioning trials were nonrewarded, 
it follows that associations are formed 
more readily with reward than with 
nonreward. 

The relative effectiveness of the two 
stimuli (buzzer and light) and the 
interaction of the stimulus with the 
conditioning schedule has important 
implications. The term "neutral stimu- 
lus," so often used in the literature, is 
inaccurate and misleading. Some of the 
apparent contradictions in the secondary 
reinforcement literature may simply be 
a function of the differences between 
clicks, buzzers, tones, lights, and black 


(or white) goal boxes. 
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SHORT-TERM RETENTION AS A FUNCTION 
OF CONTEXTUAL CONSTRAINT: 


KENNETH E. LLOYD axp WILLIAM A. JOHNSTON 


Washington 


Contextual constraint has im; 
task. Here this variabl 
in which S continuall 


Several Es h 


ауе recently studied 
short-term men 


nory in a continuous, 
or sequential, task (Lloyd, Reid, & 
Feallock, 1960; Pollack, Johnson, & 
Knaff, 1959; Shepard & Teghtsoonian, 
1961; Yntema & Mueser, 1960). In 
sequential memory tasks Æ presents 5 
with a long series of items to be 
remembered. Periodically E inter- 
rupts the incoming information to 
request 5 to recall some of the items 
he has been remembering, The S does 
not know when a Tequest will occur ог 
the serial order in Which items will be 
requested. 
Prior research indic 
least two variables are 
determining the numbe 
will make in a Sequence 
The first is the number 
supposed to be rememb 
recall point. This пш 
constant throughout a tota] Sequence 
1 This research was Supported by the 
United States Air Force through the Air Force 
Office of Scientific Research of the Air Re- 
search and Development Command under 
Contract No. AF 49 (638).805. Experiment 
I in an enlarged form was a thesis Submitted 
to the Graduate School of Washington State 
University in partial fulfillment of the re- 
quirements for the degree of Master of Science 
in psychology by the second author. 


ates that at 
important in 
r of errors $ 
of this kind. 
of items $ is 
ering at each 
nber may be 


proved recall in the cl 


State Universit у 


аѕѕіс memory span 
quential memory task 
and, at unpredictable 
In Experiment | 24 


(Yntema & Mueser, 1960), or it may 
. Уёгу àround some specified average 
lor part of a sequence and then 
abruptly shift to another average 
(Lloyd et al, 1960). In either case 
recall errors increase regularly as this 
average storage load is increased. 
he second variable is the number 
of items S is requested to recall at 
each recall point. For example, 5 
may hear: pine tin polo METAL copper 
TREE . . , in which lower case words 
are items to be stored and upper 
Case words are class names indicating 
Which item is to be recalled. At the 
recall point, METAL, S should recall 
Опе item, tin. In another sequence: 
copper tin polo METAL pine TREE . . - 
can recall two items at the first 
recall. point. In both cases he 1s 
Storing three items, i.e., his storage 
load is 3, but the number of items he 
Сап recall when he hears METAL is 1 
in the first case and 2 in the second. 
ike average storage load (ASL), ы 
number of items requested at each 
recall point (the load reduction) can 
Vary around some average and can 
be abruptly changed. Reid, Lloyd, 
Brackett, and Hawkins (1961) re- 


Ported that recall errors decreased as 
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the average load reduction (ALR) in 
a sequence was increased. Both of 
these variables are summarizing meas- 
ures of many nonindependent factors 
operating within the sequence. Lloyd 
et al. (1960) and Reid et al. (1961) 
have discussed some of these factors. 
One of them is important for the 
present paper, namely, that as ALR 
is increased there is a concomitant 
decrease in the number of recall 
points needed to request a given 
number of items. 

The purpose of the present work 
Was to continue to study the effects 
of these two task variables and to 
explore the effect of a third variable, 
contextual constraint among items. 
This variable was selected because it 
has consistently improved recall in the 
classic memory span task (Miller & 
Selfridge, 1950; Postman & Adams, 
1960; Richardson & Voss, 1960; 
Sharp, 1958), and because different 
predictions about its effects in the 
sequential task could be made. 

Introducing contextual constraint 
among items in the sequential task 
highlights differences between this 
task and the memory span task. One 
difference is that in the sequential 
task several recall points would occur 
Within a passage of, say, 20 words. 
"These recall points would interrupt 
the continuity of a passage. The S 
Would have to rely оп “local context" 
rather than "general context" (cf. 
Postman & Adams, 1960, p. 161). 
Nevertheless, even isolated bits of 
Context should help, e.g., renembering 
"the, boy” should still be easier than 
remembering "ticket, smoke" with a 
Storage load of 6 or 7 (cf. Miller & 
Selfridge, 1950, p. 183). The effect 
Of this difference should be to de- 
Crease, but not necessarily remove, the 
acilitative effects of contextual con- 
Straint, 

Another characteristic of the se- 
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quential task requires a consideration 
of the locus of constraint. This is 
required since the serial order of item 
presentation is seldom the same as the 
serial order of item recall. This means 
that the “sense” of a passage may be 
located among the items as they are 
presented, or as they are to be 
recalled. 

An example will illustrate what is 
meant by locus of constraint. Se- 
quences are initially constructed in 
letter form, e.g., aibiascidibsBdsae;. 
. . . Next words are paired with the 
lower case letters and at a recall point 
the upper case letter alone informs S 
which words are requested. If the 
words paired with the letters are 
drawn from a contextual passage .S 
hears: a-turkey b-will a-die c-on d-my 
b-rug B d-is 4 e-deep. . . . At Recall 
Point B the correct responses are will 
and rug. In this case the locus of 
constraint was among the items, but 
the context has been destroyed by the 
arbitrariness of the position of the 
recall point. Instead of predicting 
that recall would increase as degree of 
constraint increases, predicting the 
opposite seems more reasonable. That 
is, S should be tempted to say, ‘‘will 
die" at B, and hence be in error. In- 
creasing the degree of contextual con- 
straint in a passage when the locus of 
constraint is among the items should 
increase this tendency to recall items 
in a "sensible" order and, hence, to 
increase errors since the sensible order 
will usually not be correct. 

In contrast to this E can introduce 
a contextual passage to correspond to 
the serial order of recall points. Now 
S would hear: a-die b-turkey a-on c-is 
d-my b-will B d-rug А e-deep. . . . 
The correct responses (turkey, will at 
B and die, on at 4) correspond to 
language patterns, and the usual 
predictions for contextual constraint 
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should hold, but toa lesser extent due 
to recall point interruptions. 

In summary, two loci for contextual 
constraint are possible: among the 
items during presentation (stimulus 
order), or among the recall points 
(response order), and opposite predic- 
tions regarding recall can be made. 
In addition, these expected results 
may vary with both ASL and ALR. 
At low ASLs recall will be high 
regardless of context, but at high ASLs 
Ss should welcome any hints, and the 
effects of context should become more 
obvious. At low ALRs the large 
number of recall points will interrupt 
passage continuity, but at higher 
ALRs (ie., fewer recall points) the 
Preserved passage continuity would 
permit 5 to rely on "general context" 


as well as “local context," and recall 
should improve, 


EXPERIMENT 1 
Method. 

The Ss stored and recalled letter-word 
pairs presented to them aurally by a magnetic 
tape recorder. They were instructed to 
remember each letter-word pair, and to recall 
the word when they heard the letter alone 
later in the sequence, Each Sequence con. 
tained two ASLs (3 and 7) and four orders of 
approximation (0, 2, 4, and 8). Sequences 
were divided into eight Subsequences in order 
to pair each load value with every order of 
approximation. АП subsequences contained 
20 items (20 letter-word pairs) and 10 recall 
points (10 letters alone). Two items were 
requested at each recall point. The individual 
storage loads at the recall points were 2, 3, and 
4 when ASL was 3, and 6, 7, and 8 when ASI, 


was 7. The serial order of these individual 
loads was varied from one subsequence to 
another. 


Six letters were used equally often 
and arranged in a variety of serial orders, 
Near the end of all but one of the sub. 
sequences it was necessary to add from 2 to 
5 items in order to maintain the desired 
ASL. Recall points for these extra items were 
placed immediately after the tenth recall 
point in a subsequence; errors at these recall 
points were not included in the data analysis, 

The words were obtained from three 
different sources. The passages for the higher 
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orders of approximation were obtained from 
James E. Deese at the Johns Hopkins Uni- 
Versity. Zero order passages were made from 
those listed in Miller and Selfridge (1950), and 
words randomly selected from the most 
frequent English words in Thorndike and 
Lorge (1944). Eight different passages of 20 
words each were obtained for each of the four 
orders of approximation. These 32 passages 
were presented twice to each S. The first 
presentation of a given passage occurred on 
Day 1 or 2at one ASL. "The second presenta- 
tion of this same passage occurred on Day 3 
or 4 at the other ASL, . . 
The third variable, locus of constraint, was 
varied between two groups of 12 Ss each. 
For the stimulus order group (Group SO) the 
20 words from a Passage were paired in their 
original serial order with the 20-item letters 
ina subsequence. The correct order of theif 
recall was determined by the serial order o 
the 10 recall point letters in the subsequence. 
For the response order group (Group RO) ihe 
words in their original serial order were placed 
two at a time at the 10 successive recall point 
letters in a Subsequence. Their presentation 
order was then determined by the serial order 
of the Corresponding 20-item letters. i 
Right Sequences were recorded for each 
group. The serial order of the subsequences 
differed in each sequence. Items were 
recorded at a 4-sec. rate and recall points at a 
3-sec. rate, Recall points were preceded by à 
Short, 500-срѕ tone to aid S in detecting them. 
The Ss, Washington State University male 
undergraduates, were assigned to a group m 
the basisof a coin toss. They were reimbursec 
for their Services, The E recorded all re- 
Sponses. An error was defined as a failure > 
respond, or as a recall of a word not requested 
at that recall point. All Ss responded to two 
Sequences a day for 4 successive days. 


Results 


The daily means for the 12 Ss in 
Sach group are in Table 1. An 
analysis of variance indicated signifi- 
cance for ASL, Р (1, 682) = 8,943.95, 
P< .01; approximation, F (3, 682) 
= 23.96, b<.01; practice, F (3, 682) 
= 93.02, b « .01; and the Approxi- 
mation x Locus of Constraint inter- 
action, F (3, 682) = 7.95, р < .01. 
-Ocus of constraint was not a signifi- 
cant main effect, F (1, 22) = 0.35. . 

€ significant mean differences due 
to ASL ang to practice are clearly 
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TABLE 1 


MEAN RECALL Errors FOR ALL Days rog Locus or CONSTRAINT, ORDER OF 
APPROXIMATIONS, AND AVERAGE STORAGE LOAD IN Exp, I 


Order of Approximation 
Average TC 
Storage | Day] Constraint o 2 4 s 
Mean SD Mean SD Mean SD Mean SD 
1| so | &ss| 177 | 725| 259 | 7.87 | 208 | 812| 194 
RO 904 | 172 | 758 | 151 | 817| 154 | 775 | 173 
y SO 7.29 1.87 6.12 2.21 7:37 2.53 7.62 2.16 
?| Ro | 729} 163 | 617 | 186 | 7:37 | 210 | 6.54 | 216 
3 lal so | 587 | 149 | 433 | 161 | 558 | 246 | 667 | 187 
RO | 700 120 | 508 | 216 | $67 | 2.67 | 487 | 2.76 
‚| so | 521] 176 | 533] 288 | 596 | 225 | $42 | 226 
RO 5.96 1.30 4.92 1.54 4.29 2.02 4.00 1.49 
1 SO 17.71 0.72 16.58 0.97 17.46 1.13 17.58 1.08 
RO 17.96 0.77 16.16 1.85 17.12 1.02 17.04 1.44 
2 50 16.96 1.14 16.00 1.41 16.62 1.62 16.87 LST 
“I R 17.37 | 0.65 | 14.83 | 1.74 | 16.33 | 1.45 | 16.54 | 1.26 
‚ |3] SO |1662] 178 | 15:83 | 105 | 1642 | 134 | 1642 | 0.99 
RO 17.00 0.93 15.08 1.31 15.71 1.20 16.21 1.58 
4 50 15.71 1.62 15.29 1.67 15.67 2.19 16.29 0.93 
RO | 1637 | 128 | 15.04 | 182 | 1500 | 1:56 | 1471 | 151 


shown in Table 1. The significant 
effect for order of approximation may 
be seen in the row means. Errors were 
greatest at zero order, lowest at the 
Second order, and then increased to 
values between these extremes at the 
fourth and eighth orders. The means 
for both groups follow this pattern, 
but the slope differs for the two 
groups. Group RO made more errors 
than Group SO at the zero order, and 
then made fewer errors than Group 
SO at the higher orders. Тһе curves 
for the two groups crossed once every 
day, This crossing of the curves was 
the source for the significant Locus 
X Approximation interaction. It also 
Contributed to the failure to obtain 
3 significant effect for locus of con- 
Straint, The original hypothesis 
Specified the patterns of the curves for 

Oth groups, that is, increasing the 
degree of contextual constraint should 
increase errors in Group SO and de- 
Crease errors in Group RO. The data 
indicated that the effect of contextual 


constraint did differ in the two groups, 
but the patterns of the empirical 
curves were not the predicted ones. 
The hypothesis was supported, but 
not confirmed. 

Two features of the data prohibited 
a confirmation of the hypothesis. 
First, the groups should not have 
differed so consistently at the zero 
order. Since, at the zero order, all Ss 
stored and recalled the same un- 
related words, it seems likely that Ss 
in Group RO were initially inferior. 
If the groups had been equated on 
performance at the zero order, then 
differences between group means at 
the higher orders might have been 
larger. The second complicating fea- 
ture of the data was the consistency 
with which fewest errors occurred at 
the second order passages. The error 
dip at the second order was largely 
responsible for the bizarre pattern of 
the curves for order of approximation, 

The pattern of the Day 4 data, 
however, differed from the usual 
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n. On Day 4 row means in- 

E ind for Group SO and decreased 
for Group RO. This was the pre- 
dicted result. The fact that it 
occurred only after 3 days of practice 
could mean that Ss had been learning 
to detect the context among the 
words. Given additional practice the 
error trends for Day 4 might have 
been replicated. To test this possi- 
bility Exp. I was repeated with 6 Ss 
who had already served in another 
Sequential task study. Practice was 
extended to 10 days, Group RO made 
fewer errors than Group SO at all 
orders of approximation. Differences 
between groups were least at the zero 
order. The trend noted on Day 4 in 
Exp. I was never repeated. 
fewest errors were still 
second order Passages. Examination 
of the individual error curves in 
Exp. I and its replication showed that 
fewest errors occurred at the second 
order in 51% of them; this is double 
the chance value. This regularity in- 
dicated the operation of uncontrolled 
variables in the second order passages, 
One uncontrolled relationship could 
have been an interaction between the 
ALR of 2 used in Exp. I and the 
second order of approximation, When 
ALR and order of approximation have 
the same value, the basic unit of the 
passage (digrams, trigrams, etc.) can 
be recalled without interruption at one 
recall point; if their values diffe 
overlapping units, or only 
unit, must be recalled. 
was designed to test the hypothesis 
that fewest errors would Occur in 
those subsequences in which these 
variables had the same value, Second, 
third, and fourth order passages were 
inserted into subsequences with ALRs 
of 2, 3, or 4. The 12 Ss served in all 
nine conditions. The ASL was s. and 
only an RO group was tested. In the 
analysis of variance ALR was highly 


Instead 
made with 


r, then 
part of a 
An experiment 
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significant, but order of approximation 
and the ALR X Approximation inter- 
action were not. This hypothesis was 
not supported. . 
These results seemed to eliminate 
the task as a source for uncontrolled 
factors, so the second order passages 
themselves were examined. An at- 
tempt was made to compare them 
with the passages from the other or- 
ders of approximation. The most 
distinguishable feature of the second 
order passages was the high m 
with which given words were repeated 
within a passage. These passages con- 
tained several strings of е Bar 
you are you are you. In Exp. 
Ss in either group could have re- 
sponded “you, are" at a recall point 
and £ would have scored the responses 
correct without knowing which "you 
or "are" the Ss had recalled. This 
confusion could have happened only 
in rare instances at the other orders. 
It appeared that high word frequency 
Within a given passage could have 
benefited all Ss at second order 
Passages. It should also be noted 
that in Strings of repeated words the 
Chances for any pair to be con- 
textually related was increased. That 
is, "local context" was undoubtedly 
highest at the second order. 
The second order passages must 
have confounded the results of Exp. 1. 
ut even if the means for the second 
order in Table 1 are ignored the re- 
Maining differences due to contextual 
Constraint are not impressive. _ Ex- 
periment [1 was designed to eliminate 
those characteristics in a sequence 


? High Word frequency within the s 
quentia] task does increase recall (Lloy 1 
19612). This increase in recall occurs when 
the words vary in their frequency within ia 
quences even though they have e 
English text frequency. — Recall does B H 
change if the words occur equally сеп ш i sh 
Sequences, but vary widely in their Enghs 
text frequency, 4 
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which seemed most likely to have 
destroyed context in Exp. 1. 


EXPERIMENT II 
Method 


The purpose of Exp. 1 was to demonstrate 
that the effect of contextual constraint would 
be increased by reducing the number of recall 
points that occurred within a subsequence. 
This was done by systematically increasing 
ALR. The ALR in the subsequences was 
either 2, 4, 7, or 10 (with 20 items in each 
subsequence the number of recall points was 
10, 5, 3, or 2, respectively). Three individual 
load reductions were used to obtain each ALR, 
eg., with an ALR of 4 the individual reduc- 
tions were 3, 4, and 5. 

The ASL was always 10. 
Storage loads were always 9, 10, or 11. In 
those subsequences with an ALR of 10 the 
individual load reductions of 9, 10, or 11 
always occurred with individual storage loads 
of the same values so that S was requested 
to recall all the words he was storing at each 
recall point. Except for the letters paired 
With the words Ss essentially performed the 
Same task as that employed by Miller and 
Selfridge (1950) for their 10-word passages. 
The conditions in Exp. II represented an 
Orderly transition from the sequential task 
to the memory span task. It was hypothe- 
i ALR increased the error curves 


Sized that as А ў 
for order of approximation would become 


more similar to those reported for the memory 
Span task. 

In order to enhance 
Constraint only an RO 
Exp. I the words from 
irst at the recall point 
With the corresponding 
Original serial order. 
reductions used in Exp. II most of the words 

Stored at any one time had been paired 
With only one letter, and, hence, S heard 
longer continuous blocks of a passage. For 
example, with a load reduction of 7 and a 
Storage load of 9 S heard: a-turkey a-will 
a-die b.deep а-оп a-my а-ги& b-with a-is А 

"Show, .,. 
Eight sequences, 


The individual 


the effect of contextual 
group was used. As in 
a passage were placed 
letters, and then paired 
item letters in their 
With the high load 


each with eight sub- 


Sequences, were constructed. Four orders of 
and 8) were used. 


Approximation (0, 2, 4. ! d 
Wo sequences were required in order to pair 
all values of ALR with each order of ap- 


Proximation, The 12 Ss responded to two 
Sequences а day for 4 days, and thus ex- 
crienced each condition once a day. Sixteen 
ferent word passages from each order of 
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approximation were used. The passages were 
drawn from the same sources as in Exp. I. 
The Ss were never presented the same passage 
twice. 

Items were recorded at a 4-sec. rate. The 
duration of recall points varied from 2 to 9 
sec., depending partly upon the size of the 
load reduction. A perfect correspondence be- 
tween size of load reduction and duration of 
recall points was purposely avoided so that S 
could not learn to use the time interval as a 
clue for deciding how many words to recall. 
The remaining details of the experiment were 
the same as in Exp. 1. 


Results 


An analysis of variance of the mean 
recall errors indicated significance for 
ALR, Е (3, 33) = 350.29, р < .01; 
approximation, F (3, 33) = 71.08, 
p < .01; practice, F (3, 33) = 32.22, 
p < .01; and the Approximation 
X ALR interaction, F (9, 99) = 43.66, 
p < .01. Since this interaction was 
crucial to the hypothesis, the means 
for these two variables are presented 
in Table 2. 

The column means reveal the 
consistent decrease in recall errors as 
ALR is increased. The row means 
decreased between the zero and second 
orders of approximation; beyond the 
second order row means changed very 
little. The significant Approximation 
X ALR interaction was largely due to 
differences in the rate of decrease in 
errors in the column means. As ALR 
was increased the differences between 
errors at the zero order and the other 
orders also increased. These results 
confirmed the hypothesis of Exp. П. 

The rank order of the means in the 
first row in Table 2 closely resembles 
that for Group RO in Exp. I where 
the load reduction was also 2. As in 
Exp. I fewest errors occurred at the 
second order passages in 56% of the 
48 individual error curves. In Exp. I 
it was not possible to decide which of 
two factors (ie., word frequency or 
local context) was responsible for this 
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TABLE 2 


MEAN RECALL ERRORS FOR ORDER OF APPROXIMATION AND 
AVERAGE Loap REDUCTION IN Exp. II 


Order of Approximation 


Average [ 8 
Load 0 2 | 4 
Reduction | 
Mean SD Mean | sp Mean SD Mean | SD 
2 18.27 0.45 17.06 1.19 17.40 0.90 18.19 0.68 
4 15.60 0.73 14.04 1.30 14.62 1.18 14.27 1.01 
7 13.98 | 0.88 9.31 1.63 9.44 1.75 10.56 1.63 
10 12.73 1.15 5.27 1.75 4.52 2.18 5.42 2.62 


dip in errors at the second order. In 
Exp. II word frequency within a pas- 
sage remained constant as ALR was 
increased, i.e., always highest at the 
second order, but the opportunity for 
5 to respond to larger chunks of local 
context increased as ALR increased, 
It seems reasonable to argue that if 
word frequency is the important v. 
able, then fewest errors should o 
at second order passages for any value 
of ALR. Inspection of Table 2 in- 
dicates that this is not the c 
Instead as ALR incre 
fewest errors tended 
second order passages to fourth order 
passages. When ALR was 10, fewest 
errors occurred at the fourth order in 
54%, of the individual error curves, 
and at the second order in only 27% 
of the cases. This shift in the low 
point of the curves could indicate that 
S responded to larger chunks of con- 
textual constraint as ALR. increased. 

If this interpretation is Correct, 
then the facilitation. due to local 
context lagged behind the opportuni- 
ties for it to aid recall. That is, with 
an ALR and ASL of 10, S had an 
opportunity to discriminate consider- 
able context in an eighth order pas- 
sage, yet fewest errors occurred at the 
fourth order. With considerably 
higher storage loads and load reduc- 
tions (as exist in the memory span 
task) fewest errors should eventually 


ari- 
ccur 


ase, 
ased the site of 


to shift from 


shift to the eighth order. The data 
Írom the memory span task indicate 
that such a shift does occur (cf. Miller 
& Selfridge, 1950, p. 182). 


Discussion 

The main Purpose of these studies was 
to determine the effect of contextual 
constraint among items in the sequential 
task. In Exp. I the effect was barely 
detectable. In Exp. II the effect was 
greater, but the maximum effect oc- 
curred only when the sequential task was 
basically changed in form to resemble 
the memory Span task. When po 
Occurred the present data agreed wit 
Prior data. If the means in the fourth 
row in Table 2 where ALR and ASL yea 
equal are changed to percent correc 
responses, the curve closely resembles 
those for 10-word passages in Richardson 
and Voss (1960). А 
? comparing the effect of context m 
the two memory tasks it appears ki 
Context is very important provided 5 ! 
not interrupted. If he is interrupted апу 
facilitation from context prior to rhe 
interruption js likely to be lost after the 
interruption. This loss increases with 
the number of interruptions. The data 
do not Specify the nature of these Hum 
Tuptions, but it may be that the геи 
for ап item plus the actual recall of ich 
Hem results in а loss of other items whic 
Were also being stored but which were 
not requested, 5 "as 
Another goal of the present studies W s 
to test further the relationship Be 
the task variables and recall Оп 
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purpose of the prior studies using the 
sequential task had been to demonstrate 
that the effects of ASL and ALR could 
be reproduced in a variety of conditions. 
The conditions for storing items in Exp. 
I and II differed from previous studies. 
Lloyd et al. (1960) had Ss store related 
words which were easily grouped to- 
gether. Brackett, Reid, and Johnson 
(1960) used easily grouped words, but 
requested them in a manner that broke 
up the likely groupings. Lloyd (1961b) 
used as items unrelated words which 
Were always paired with the same letters. 
In the zero order passages in Exp. I and 
П Ss stored unrelated words which 
Could be paired with any of the six 
letters, In all cases recall errors regularly 
increased with increases in ASL and 
decreased with increases in ALR. These 


relationships have now been tested over 
lues of the task 


à wide range of va 


variables. . 
In the earlier study of ALR (Reid et 


al, 1961) the better recall at higher 
ALRs could have been due to increased 
grouping of related words, or to the 
fewer recall points. In Exp. II at the 
zero order the opportunity for S to group 
Words was minimal, but the number of 
recall points decreased as before. An 
analysis of variance of th 
Means (Table 2, Column 
that AN podeis F (3, 33) 
= 180.51, p < 01. Thus simply in- 
creasing ALR without the presence 
of additional factors facilitated recall. 
However, the introduction of other 
factors, such as related words, or con- 
textual constraint, increased this facil- 
itation, 
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PERCEPTION OF LINEAR DOT PATTERNS! 


E. T. KLEMMER? 


International Business Machines Corporation Research Center, Yorktown Heights, New York 


Linear dot patterns were presented tachistoscopically by fl 


on uniformly spaced light bulbs. 
visual angle was varied from 2.5? to 160° 


Separate experiment, number of bul 
a fixed 1° spacing between bulbs. 
poststimulus cue requiring only a 1 
of report was surprisingly insensitive 
were seen better than the end bulb: 
spacing of bulbs was fixed at 1° and the n 


domly selected patterns 


11 to 35 the percent-error incre 
formance for 11 bulbs (poststim 


than perception. 


One of the questions blocking the 
development of a comprehensive 
theory of pattern perception concerns 
how much of the stimulus field to 
consider as influencing any given 
momentary perception, Stated more 
specifically: how should information 
bearing elements be weighted as а 
function of their visual angle from the 
point of fixation? The Statement of 
the question does not presuppose a 
simple answer. The present study 
provides a partial answer to this 
question for patterns formed by dots 
placed along a single per: 
ing in number and Over 
of visual angles. 


Linear dot patterns have been 
studied previously by Pollack and 
Klemmer (1954) and Harcum (1957). 
These studies used eight and nine 
binary positions, respectively, with 


1G. R. Lockhead and J. A, Tirr 
the stimulus materials, conducted the experi- 
mental sessions, and assisted in the data 
analysis. H. Serenson programed the IBM 
704 computer to reduce the raw data. Their 
contributions to this study are gratefully 
acknowledged. An earlier version of this 
paper appeared as a technical report (Klem. 
mer, 1961). 
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dicates that the earlier findings may 


Comparison with 
eption of linear dot patterns in- 
have been due to memory rather 


Short exposures. ^ Harcum varied 
orientation of the pattern but neither 
study varied the overall visual angle 
or the number of binary positions. It 
also turns out that requiring S to 
reproduce the entire pattern in these 
earlier studies makes the results 
much more a function of memory of 
binary sequences than perception of 
inary patterns, 
Several Studies, e.g., French (1953), 
ave concerned the discrimination or 
detection of two-dimensional dot pat- 
terns. This work has been largely 
inspired by PPI radar displays and, 
therefore, has not varied size ауе 
arge visual angles and has emphasize 
etection rather than perception. 
Eventual Perceptual theories should 
include both types of behavior, but A 
18 still premature to attempt puca 
integration. The present experi- 
mental study describes perception 17 
@ situation in which all of the pres 
sented information is equally perti- 
Dent and this information is uniformly 
Spread, in one dimension, over a wide 
Tànge of visual angles. Under Hes 
rules then, what are the invariant 


relations in linear dot pattern per- 
ception? 
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PERCEPTION OF LINEAR DOT PATTERNS 


Three somewhat overlapping ex- 
periments were conducted. The first, 
varied overall visual angle with a 
fixed number of bulbs. The second, 
gathered more extensive data on 
three of these conditions to make 
possible pattern and positional anal- 
ysis. The third experiment held 
spacing between bulbs fixed and 
varied number of bulbs and overall 
visual angle. All experiments used 
the same apparatus. 


GENERAL METHOD 


Apparatus and common procedure —The 
Viewing field consisted of a visual perimeter 
10 ft. in radius, ‘The perimeter provided a 
field uniform in 180° of azimuth with a near 
turret which limited the vertical view of the 
Perimeter to 5°. Up to 35 small incandescent 
bulbs could be clipped on the perimeter atany 
Position subject only to minimum spacing of 
t in. (7 of arc). The background colors 
Were white above the perimeter line and 
brown below with brightness of .2 and .1 
mL., respectively. The bulbs themselves 
Were visible at all times but no other index 
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marks were present except for a small pro- 
jection over the center bulb which served as a 
fixation point. The S fixated on the center 
bulb and then triggered a .04-sec. flash of a 
random pattern of bulbs selected by an 
IBM card reader. One-half second after the 
flash, without further action by S, one of the 
bulbs came on dimly. This bulb, chosen at 
random without regard to the previous 
pattern, served as the poststimulus cue. 
Another 3 sec. later the stimulus field was 
restored to the flashed pattern for the “re- 
stored” condition, with the exception of the 
cue light which remained dimly illuminated 
regardless of its flashed state. For the “поп- 
restored" condition only the poststimulus cue 
light appeared after the stimulus. The 5 
reported only whether the cued bulb was 
lighted or dark in the original flashed pattern. 
A second button, operated by .S after his 
response, restored the cue bulb to its flashed 
condition, giving him immediate knowledge 
of results. A third button cycled the card 
reader ahead to the next stimulus. All re- 
sponse recording was by paper and pencil 
by E in the room with S. Usually Ss and Es 
alternated roles in the middle of the daily 
experimental session which took about 20 
min. for each half. Staff members served as 
enough sessions to ascertain that no 
present in the usual procedure. 
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EXPERIMENT I: EFFECT OF 
OVERALL VISUAL ANGLE 


Method 


Subjects—Four college students served as 
paid Ss in Part A and 2 of these served with 
2 new Ss in Part B. Each had at least two 
sessions of training, demonstrating the range 
of conditions to be used before starting the 
experimental sessions. 

Procedure.—Each of the Ss Was run on the 
same balanced design as described below 
using the same random order of patterns, 
The presentation Sequence was divided into 
sessions of 126 stimuli with bulb locations 
fixed during the session. 

The number of bulbs w. 
throughout Exp. I. Part A consisted of 28 
sessions with the poststimulus restoration of 
the pattern alternated each session between 
“restored” and “nonrestored,”” The overall 
visual angle was changed every other session 
in logarithmic Steps from 2.5? to 160° and 
then from 160° to 2.5°, 

Part B also involved 28 sessions but all 
sessions were run under the restored condition 
and the overall angle was changed after each 
session in a descending-ascending design in 
the same logarithmic steps from 160° to 
2.5°, 2.5° to 160° and repeat. Thus for each 
of the seven overall visual angles each § saw 
252 stimuli under each condition in Part A 
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and in Part B each S saw 504 stimuli under 
the restored condition. 

The choice of bulb to be cued was random 
within the restriction that each of the 21 
bulbs was cued times each session. А 

During the first 28 sessions (Part A), in 
addition to the binary res ponse regarding the 
cued bulb, Ss were asked to estimate the 
confidence of their judgment on а five-point 
scale; 5 for certainty, 1 for a complete guess. 
Confidence judgments were not used in any 
other part of this study. 


Results 


The average percentage of error for 
each overall visual angle is given in 
Fig. 1 for both the restored and non- 
restored conditions. ‘The first and 
Second 28 sessions are plotted sepa- 
rately for the restored conditions to 
allow comparison with the nonre- 
Stored condition which was run only 
during the first 28 days. 

Аз would be expected, the restored 
condition is better than the nonre- 
Stored at all angles but the difference 
is larger for the smaller angles. All 
angles show 


an improvement with 
Practice on 


the restored condition 
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Darts A and B but this 


difference is only about 2%. Most 
i is the relatively 


Interesting, however, | 
all visual angle. 


Small effect of over? 
Its variation in a 64 to 1 range 


Produces a variation in error percent- 
age of less than 2 to 1. 

The relation between 
judgments and actual percentage cor- 
rect is shown in Fig. 2, along with the 
relative frequency of use of each 
Confidence level. The data from the 
Testored and nonrestored conditions 
are shown separately. The contribu- 
tion of each of the 4 Ss is shown by 
Shadings of the frequency-of-use bars 
in Fig, 2, 

Confidence judgments and error 


between I 
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percentage are negatively related, but 
the lowest confidence level shows 
better than chance performance and 
the highest level (instructed to denote 
certainty) still shows an average 
error of 10 to 14%. Averaging over all 
Ss the frequency-of-use bars in Fig. 2 
show the certainty judgment (5) to 
be the most frequently used and 
the adjacent category (4), the least 
frequent. 


EXPERIMENT 11: PATTERN AND 
POSITION EFFECTS 


Method 


Subjects —The same 4 Ss who served in 
Part B of Exp. 1 were employed in Exp. II. 

Procedure.—The procedure was the same 
as Exp. 1, Part B, except that only three 
total angles (160°, 20°, 2.5?) were used in 
order to build up sufficient data to allow an 
analysis of performance for each of the 21 
bulbs and for patterns surrounding the cued 
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Fic. 4. Order of difficulty of the 5-bit 
pattern surrounding the cued position. 
(Error percentages are based on the combined 
data of 6 Ss totaling about 1,000 observations 


per pattern.) 
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bulb. Thirty-six sessions e given pih 

S proceeding through an ascenc ing- 
don design (2.5°, 20°, 160°, 160°, 30°, 
2.5°) repeated three times, The total visual 
angle was changed every second session, two 
sessions being given each day, 126 stimuli per 
session. 


Results 


The average percentage correct 
score for all Ss and each bulb position 
angle is shown 
in Fig. 3. The center bulbs are always 

ends with no 
in error rate at 
the end bulbs (end effect). The three 
curves of Fig. 3 make it clear that the 
poorer performance of 259 than on 
20° is due to increased errors on the 
middle bulbs While poorer perform- 
ance at 160? is due to More errors on 
the end bulbs, 

For analyzing the influence of the 
particular pattern it is clearly im- 
possible to work with more than two 
million possible patterns of the 21 
bulbs. It is Possible to analyze the 
effect of patterns formed by the cued 
bulb and the two bulbs on each side 
of it. The five-bulb patterns thus 
formed represent 32 different а 
natives. In order 


to get Teasonably 


stable estimates of the relative per- 
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formance on each pattern, the results 
from all Ss have been combined from 
all sessions of Exp. II and the “re- 
Stored" sessions of Exp. 1. The result- 
ing order of difficulty of the 32 
patterns is shown in Fig. 4. Note 
that there is little differentiation 
among the more difficult patterns, but 
the easiest two patterns have less than 
one third the error rate of the more 
difficult patterns, The 11 easiest 
patterns all include symmetrical pat- 
terns in the center three bulbs (on-on- 
9n, off-off-off, or off-on-off). The one 
remaining Symmetrical 3-bit pattern 
(on-off-on) occurs only in patterns of 
average or poor performance. А 
word of Caution is in order about 
Fig. 4. In order to be reasonably 
certain that there is a real difference 
between Patterns, the difference in 
crror rate must Бе atleast 4%. This 
figure is based on the 90% confidence 
range of the differences in perform- 
ance between mirror images of the 
nonsymmetrica] patterns. 


EXPERIMENT ПІ: FIXED SPACING 
Method 


Subjects —The 4 Ss of Exp. II served in 
Exp. III. 
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Procedure.—Each S was run on the same 
balanced design as described below and the 
same random order of patterns. The pres- 
entation sequence was divided into sessions 
of about 120 stimuli with bulb locations 
fixed during the session and changed between 
sessions. 

The spacing between bulbs was fixed at 
1° of visual angle for all sessions. The total 
number of bulbs was changed in the following 
sequence over 10 sessions: 11, 15, 21, 27, 
35, 35, 27, 21, 15, 11. The unused bulbs 
were covered so that the active bulbs were 
clearly bracketed. All trials were run under 
the restored condition; that is, the pattern, 
with the exception of the cued bulb, was 
reilluminated before the response. 


Results 


The average performance in terms 
of percent-error is shown in Fig. 5 
as a function of the number of bulbs. 
There is very little error with 11 bulbs 
and a linear increase in percent-error 
with number of bulbs from 11 to 35 
bulbs. (This function must asymp- 
totically approach 50% error and, 
therefore, cannot be linear much past 


35 bulbs.) 
DISCUSSION 


Experiments I and II demonstrate the 
insensitivity of the tachistoscopic percep- 
tion of linear dot patterns to large 
changes in overall visual angle when the 
number of dot positions is held constant. 
"This is in sharp distinction to the recent 
results of Shinkman (1961), who showed 
perception of Arabic 

numerals when visual angle was changed 
only from 13? to 3°. А similar contrast- 
ing finding has been reported by Os- 

orne, Quastler, and Tweedell (1955) i 
Comparing tachistoscopic perception o 
. letters with scales and dials. The letters 

and numbers used in both of these 
Studies were not so small as to be below 
the acuity threshold for the retinal 
Ocations involved so the explanation 
must be in terms of an interaction or 
Some sort of informational acuity meas- 
ure, Further theoretical and experi- 
Mental work is needed here. | 

The influence of position in the visual 
field as shown in Fig. 2 provides an 


a large loss in the 
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interesting comparison with similar func- 
tions given by Harcum (1957) and 
Pollack and Klemmer (1954). Both of 
the previous studies reported lowest 
errors at the left end, next lowest at the 
right end, and an inverted U relation 
between the ends. Їп contrast, the 
present study shows lowest errors at the 
middle with an erect U relation over the 
field. It is not difficult to explain this 
difference. The previous studies used 
only nine and eight dot positions and 
Fig. 5 shows that these patterns would be 
perceived perfectly as demonstrated by 
the poststimulus cue technique. The 
requirement to reproduce the entire 
pattern in the earlier studies apparently 
invoked forgetting and/or interference 
errors and thus the positional effects 
which are typical of memory experi- 
ments. They do not include errors due 
to perceptual overload which degenerate 
the outside elements of the field most 


severely. 
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A relatively consistent finding in 
appetitional Tunway studies (e.g., 
Goodrich, 1959; Haggard, 1959: Wag- 
ner, 1961; Weinstock, 1958) is that 
rats will attain faster running speeds 
over all but the last Segments of an 
alley, if rewards are received on only 
a random 50% of the trials than if 
they are received on every trial. 
Theoretical interpretations of this 
finding have frequently appealed to 
motivational differences associated 
with the anticipatory goal responses 
conditioned under the tw 


vO reinforce- 
ment schedules. For example, Wag. 
ner (1961) has 


assumed that while 
anticipatory reward, or incentive moti- 
vation, is greater under continuous 
reinforcement, a motivational ad- 
vantage remains under partial rein- 
forcement, due to the added drive 
effects of anticipatory frustration. 
This position, in conjunction with 
the familiar assumption (e.g., Wilson, 
Weiss, & Amsel, 1955) that partially 
reinforced Ss learn to approach in the 
presence of anticipatory frustration 
as well as anticipatory reward, allows 
the deduction that partially rein. 
forced Ss will approach faster than 
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continuously reinforced Ss. The posi- 
tion also suggests, however, that if the 
drive effects of anticipatory frustra- 
tion were removed, partially rein- 
forced Ss would respond slower than 
continuously reinforced Ss, 

In a recent report Barry, Wagner, 
and Miller (1962) advanced the 
argument that anticipatory frustra- 
tion, like fear, тау be particularly 
Susceptible to the depressant action of 
alcohol and Sodium amytal. If this 
argument is Sound, a manipulation is 
available {ог reducing anticipatory 
frustration, and consequently for test- 

he above Prediction. That is, 
tially reinforced Ss should 
un faster, asymptotically, than con- 
tinuously reinforced Ss following sa- 
line control injections, they should 
run slower following similar injections 
of either alcohol or sodium amytal. 
Phe following experiment was de- 
Signed to evaluate this prediction in 
the case of the latter drug. 


METHOD 
Subjects —The Ss wi 
naive, male albino г; 


strain, Purchased f 
Ti 
Breedin i 


ere 48 experimentally 
ats of Sprague-Dawley 
the Charles River 
Their ages ranged 
i 110 days at the beginning of 
experimenta] training. 
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SODIUM AMYTAL AND RUNWAY PERFORMANCE 


Apparatus.— he apparatus w an en- 
closed, straight alley with gray, pine, side 
and end walls and hardware cloth ceiling and 
floor. The alley was 34 in. wide and 4 in. 
high throughout, and divided by guillotine 
doors into three sections, a 15-in. start box, 
а 39-in. runway, and an 18-in. goalbox. Two 
measures of locomotor performance were 
provided. Starting time was recorded from 
the raising of the start door until the inter- 
ruption of a light beam 6 in. distant. Running 
time was recorded from the breaking of the 
first beam until the interruption of a second 
beam located 12 in. from the end wall of the 
goal box. A metal food cup, 1} in. in diam- 
eter, was permanently affixed to the end wall. 

The apparatus was located in a quiet, 
dimly illuminated room maintained at ap- 
proximately 72? F. The Ss were also housed, 
in individual cages, in this same room through- 
out the experiment. | 25 

Procedure-—Eight days prior to acquisition 
training Ss were placed ona 24-hr. deprivation 
schedule. Each 5 received 12 gm. Purina 
lab chow checkers each day 1 hr. after its 
daily training. Water freely available. 
During the course of these 8d Ss were 
habituated to the experimental situation by 
Systematic handling, exposure to the reward 
pellets (.045 gm. each, purchased from the 
P. J. Noyes Company) scattered on a raised 
platform, exposure to the runway in groups 
of 3, and finally, a direct placement 1n the 
goal box with seven reward pellets in the food 


сир, 

"This prelimin: 
à total of 64 acq 
2 trials on Days Га! 


sequent days. On сас of асс 
was given an intraperitoneal injection of drug 


or saline and replaced in its home cage. Ten 
minutes later S was introduced into the start 
box. After approximately 5 sec. the start-box 
door was raised, allowing S to traverse the 
runway, When S entered the goal box, the 
goal-box door was lowered to prevent | 
tracing. The S was removed from is Ue 
box immediately after eating, Or 1n the case H 
nonreward trials, after 20 sec., and тето 
to its home cage. The Ss were run in squa e 
of 6, cach trial in rotation. This produce 
an average intertrial interval of 4-5 mina 
and allowed all daily trials to be run within 
the 10-30 min. period following injection. 
Twelve Ss were assigned to each of four 
experimental groups, distinguished by the 
Combination of reinforcement schedule and 
injection solution received. Two groups 
received injections of 20 mg/kg sodium amytal 
Q ml/kg of a 10 mg/ml solution of isotonic 


y training Was followed by 
tion trials in the alley, 
id 2, and 4 trials on sub- 
h day of acquisition 5 
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saline) while the other two received equal 
volumes of isotonic saline. These dosages 
were the same as those used by Barry, 
Wagner, and Miller (1962). Within each 
injection condition one group received 100% 
reinforcement in the alley and the other 50%. 
The schedule of rewards for the 50% groups 
over the 64 trials was obtained by repeating 
the following sequence: +-+- —-++— 
——++ +--+. All Ss received seven 
pellets on rewarded trials. 

The experiment was conducted in two 
replications, 3 mo. apart, by different Es each 
running 6 of the Ss in each of the experimental 


groups.? 


LTS AND DISCUSSION 


For purposes of analysis each S's 
individual starting and running times 
were converted to speeds in ft/sec. 
Since the two response measures 
yielded essentially identical results, 
only one measure will be reported 
here. Running speed was chosen for 
presentation since it was less likely to 
be influenced by inter- or intra-E 
variability in placement of Ss in the 
start box or in operation of the start 
door. 

Figure 1 presents, for the two 
replications combined, the mean run- 
ning speeds of the four experimental 
groups over successive blocks of eight 
acquisition trials. As may be ob- 
served, the two sodium amytal groups 
were not only slower than the two 
saline control groups, but the final 
order of the 50% and 100% groups 
was reversed in the two injection 
conditions. Whereas the 50% saline 
group ran faster than its correspond- 
ing 100% group, the 50% sodium 
amytal group ran slower than its 
corresponding 100% group. 

Analysis of variance appropriate 
for a factorial design was performed 
on the mean speeds over the last 16 
trials. The results of this analysis 
support the reliability of both the 


2 The first replication was гш? by Merle F. 
Goldstein, the second by Mary W. Miller. 
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RUNNING SPEED 
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BLOCKS OF EIGHT TRIALS 
FiG. 1. Mean running speeds in blocks 


of eight trials for the four experimental 
groups. 


overall depressing effect of 
amytal, F (1, 40) 


action, employing 
MS as the estimate of 
error variance, revealed 5095 rein- 
forcement to produce significantly 
faster speeds than 10075 reinforce. 
ment under saline, t (40) = 2.26, 
р < .025, one-tailed, but significantly 
slower speeds than 100% reinforce- 
ment under sodium amytal, ¢ (40) 
= 1.70, p < .05, one-tailed, 

A comparison of the results from 
the two replications further attests to 
the stability of these findings. The 
general picture presented in Fig. 1 was 
obtained in each replication, with no 
statistically significant difference be. 
tween the two in overall drug effect, 
Р (1,40) = 2,75, b> 10, or in the 
Solution X Reinforcement Schedule 
interaction (F < 1), although the 
absolute speeds obtained byone E were 
consistently higher than those ob. 
tained by the other Boy (1, 40) 
= 27.75, p < .001. 


The results are clearly in accord with 
the prediction made. The general re- 
duction in running speeds produced by 
sodium amytal is consistent with the 
drug's classification (e.g., Goodman & 


WAGNER 


Gilman, 1955, Ch. 9) asa central nervous 
System depressant. The exaggeration of 
this effect under partial, as compared to 
continuous, reinforcement training, how- 
ever, requires a more detailed theoretical 
interpretation. The dual assertion, that 
Partially reinforced approaching is in 
part mediated and energized by antici- 
patory frustration, and that —— 
amytal selectively reduces this emotiona 
Tesponse, provides such an interpretation. 
The observation that partially reinforced 
Ss ran slower than continuously rein- 
forced Ss, when the effects of antici- 
patory frustration had presumably been 
reduced via sodium amytal, is also in 
agreement with the assumption that 
anticipatory reward is lower under partia 
than under continuous reinforcement. 

It should not be overlooked that ran- 
dom _ partial reinforcement has been 
Specifically treateq (e.g., Wagner, 1961) 
ав а special case in which Ss are rein- 
forced for continuing to approach in 
the presence of anticipatory frustration. 
Without Such special training, antici- 
Patory frustration has been assumed 
(e-g., Wagner, 1961) to elicit avoidance 
responses, Consequently, a reduction in 
anticipatory frustration should, by re- 

ucing avoidance behavior, more typ- 
ically in previously 
Barry, Wagner, 
and Miller (1962), for example, observed 
sodium amytal 
was followed by an increase in perform- 
Y reduced by experimental 


onsider; 
and those 
and Miller 


ing both the present results 
obtained by Barry, Wagner, 
Within the context of eXIBUDE 
, the single assumption, 
amytal reduces anticipatory 
frustration, is able to account for em- 
te diverse effects of the drug. 
» at least, encouraging to the 
Ytal assumption as well as to 


the Severa] tenets of frustration theory 


Involved, 
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S-R RELATIONSHIPS A 


ND REACTION 


TIMES TO NEW 


VERSUS REPE 


ATED SIGNALS IN 


A SERIAL TASK? 


PAUL BERTELSON 


Université Libre de Bruxelles 


Previous experiments showed that 


to repeated signals are longer th 
S-R relationships on this pheno; 
5 gave 550 responses under 


9S 
task with 


These results 


Prolonged practice 9n a 4-choice task with 


straightforward S-R раїгї 
Same pairing and then un 


der a less compatible one, 


‚ in a serial 


In Experiment l, 
ons in a 2-choice 
and new signals were 
t covariance analysis 
n RTs to new signals. 
II where 33 Ss, after 

a numerical display, under a 
i 0 responses under the 


tionships. ‘The main purpose of the 
1961), it was shown that in a serial present experiments was to consider 
self-paced responding task, reaction the effect of the latter variable. 
times (RTs) to Fepeated signals are The choice of an S-R relationship 
shorter than RTs to signals which are involves two operations: the selection 
new, ie. different from the im- of sets of stimuli and responses, and 
mediately preceding one It was pro- 


"repetition e 
shown to be at least p 
being greatly reduced when 
time lag is introduced bety 
end of the response 
ance of the next sign 


he effect 


al. 


The existence of the repetition effect 
at different 


suggests either (a) th 
mechanisms are involved 
to repeated signals 
new sign 
mechanisms are involved b 
faster in the case of гере 
to some sort of facilit 
One way of decidin 
alternatives is to consider th 
on the RTs to the two ca 
signals, of factors which ar, 
affect overall RT. Such 
number of alternative sign 
probability, and signal-response 


in reac 
and in reactio 


tegori 


1 This research was partly s, 
Crédit aux Chercheurs from 


the B 
Fonds National de la Recherche 


Scient 


this phenomenon be called 


artly transitory, 
а .5-sec, 


als, or (b) that the same 
ut work 
ons, 
ative aftereffect. 
g between these 
e influence 


€ known to 


factors are: 
als, signa] 


upported by а 


the matching of sets of points in the 
vith those in the 
(Deininger & Fitts, 
Fitts has shown that 
“S-R compatibility 
Ying the matching of 
9 constant sets (Fitts & 
54) or by changing the 
Which is coupled with a 
Constant set Of responses (Fitts & 
Seeger, 1953). [n Exp. I, both types 
ol variation Were used: two lights 
Ying on the Same horizontal axis were 
matched with two similarly disposed 
keys, either in the straightforward 
Way or in the inverted one, and these 
two Conditions were compared with 
one where the same set of keys was 
Coupled with two lights lying on а 
vertic. is. [n Exp. 11 only the 
ments was varied. 
further Way of affecting mean 


was 


tions 
ns to 


due 


es of 


rela- RT Was tried out in Exp. 1. It con- 

21818 of having the S work with € 
elgian S- condition immediately at the en 
ifique. о 


а period of work with the opposite 
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pairing. In this way one could hope 
to obtain an interference effect on 
RT, which would amount to “short- 
term incompatibility." 


T I 


EXPERIM 


The task used in this experiment 
was nearly the same as in the previous 
experiments (Bertelson, 1961). The 
display consisted of two spatially sep- 
arated lamps and the controls of two 
keys. The main difference was the 
fact that the relative positions of the 
two lamps could be varied so as to 
change S-R compatibility. Another 
difference was the introduction of an 
automatic recording of RTs to new 
and to repeated signals. 


Method 

Apparatus —The display consisted of two 
Separate pairs of neon lamp: inserted into a 
Vertical panel. Only one pair was used in 
each condition. ‘The lamps of the horizontal 
Pair were 5 cm. apart horizontally, the lamps 
of the vertical pair 5 cm. apart vertically. 
The whole set of lamps formed a Y shaped 
pattern. ‘Two  bakelite keys, resting on 
microswitches, were placed in a near-vertical 
Plane, 15 cm. apart, behind an_ inclined 
board, The S rested his hands on the upper 
edge of the board, his finger tips poised over 
the keys (see Fig. 1). 

T oe S-R conditions were used: 
(a) Direct (D): horizontal pair of lamps, the 
COrrect response being left key for left yd 
апа right key for right lamp; (b) Crossed (C): 
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horizontal pair of lamps, the correct response 
being left key for right lamp and right key 
for left lamp; (c) Perpendicular (P): vertical 
couple of lamps, the two possible combina- 
tions (high-right/low-left and high-left/low- 
right) being given to alternate .Ss. 

When either key was pressed, the stimulus 
light went off. The next signal appeared .05 
sec. after the key was released. The task was 
noncorrective: incorrect responses had the 
same effect on the display as correct ones, 
but they activated an error counter. 

The sequence of signals was controlled by a 
programing unit, based on the use of two 
uniselectors, which has been described previ- 
ously (Bertelson & Davidson, 1959). This 
programmer generates a series which is not 
repeated before thousands of steps. In the 
present experiment, both signals were equi- 
probable, i.e., the series was random as far 
as the principle of the programmer permitted 
(Bertelson, 1961, p. 91). 

The apparatus stopped automatically after 
50 responses. The RTs to repeated signals 
and to new signals were cumulated on 
two separate chronoscopes. Electromagnetic 
counters counted signals pertaining to both 
categories, so that mean RT in each category 
could be obtained for each run, The RT to 
the first signal in each run, which was neither 
new nor repeated, is excluded automatically 
from the recording. 

Subjects —Nine male adults, aged 21-27, 
all postmen learning machine sorting, served 
as Ss. They were tested during normal 
school hours. All had already served in 
another experiment with the same apparatus, 
about 6 mo. before, but with a different 
display (numerical indicator), in which they 
had made 2,000 responses each. 

Procedure.—Each S participated in three 
sessions. On each session he gave 11 runs of 


View 


‚2 = 


of the task: left, from the side; right, from S’s position. 
microswitch, 3 = resting board, and 4 = display lights.) 
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50 responses on one of the three S-R condi- 
tions, the order of conditions from session to 
session being organized in Latin squares, 
The first run was considered as practice and 
discarded for the analysis. Between 2 runs, 
there was an interruption of about 45 sec. 
during which S was told the total RT and 
the number of errors for the previous run. 
The Ss were asked to go as fast as possible 
and to avoid errors, Total results per session 
Were recorded in a table, which was displayed 
for inspection by all Ss, 

Immediately after the 11 
constituted the main task for the session 
("main condition runs"), Ss were asked to 
do 2 runs with the Opposite S-R relationship, 
ie. C after D; D after C; and after one p 


combination, the other p combination 
("interference runs"), 


runs which 


Results 


Main condition run 
the mean RTs to new 
signals were obtained for each session, 
The Averages over all 9 Ss for each 
condition are given in Table 1. If we 
measure the repetition effect by the 
difference between RTs to new vs. 
repeated signals, it can be seen from 
the third column that it is larger in 
both the C and p conditions th 


$.—For each S, 
and to repeated 
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TABLE 1 


RTs iN THE Main CONDITION RUNS 


Signals 
Cond. [————4| 
[IN w Repeated 
Direct (D) [377 307 | 70 
Crossed (C) 443 333 110 
Perpendicular ( P) 410 320 
Differences | 
between 
conditions 
C-D 66| 26 50 
P-D 33| 13 2 " 
C-P 33 13 E 


consider the three bottom lines of the 
table: much larger changes are a 
duced by modifications of S-R re as 
tionships in RT to new signals than 1n 

T to repeated signals. od 

nalysis of covariance was applie 

to RTs to new signals with RTs to 
repeated signals serving as predictor. 
The results аге given in Table 2. d 
Significant condition effect is observed. 


ic ап in This means that the whole of thesis 

the D condition. Another way of of conditions on RT to new пене 

looking at the Phenomenon is to cannot be predicted on the basis O 
TABLE 2 


RIANCE Or M 


AIN CONDITION Runs: Exp. I 


Variance Analyses Covariance Analysis of у 
Source MS 
Li Adjusted F 
dj ET MS 
x xy у y SS 
p^ Lati 2| 1.303 
etween a їп squares E 1.984 3.4 Р 
Within Latin squares | 6 1.860 —863 1:519 + IT БП 
Conditions (C) 2| 1432** | 3565 9.6360%*| 2 6.067 | 3033 110198 
Order (0) 2 | 2.137 | "sia MHS 121 3394 | fer) 10.6 
C X Sq. (b) 4 98 412 | 312» 4| 1:096 274 4.7 
O X Sq. (b) 4| 138 — 43 | 660 4 е Me 27 
Residual : 10 119 —114 54 9 E Ene 


Vote.—y = RT to new signals; x = 
рес уз. С х 5а. (Ь). 
b Tested vs. О X Sq. (b). 
*p «.05. 

ED c.0L 


RT to repeated Signals. 
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TABLE 3 


RT iN THE Two Last Mars Conpition Runs or EACH SESSION AND IN THE 
Two INTERFERENCE RUNS UNDER THE SAME CONDITION: ENP. I 


" эшан Difference 
Cond. Runs New 
New Repeated = Repeated 
Main condition 373 304 69 
Direct Interference 389 304 85 
Difference 16* 0 16 
Main condition 437 322 115 
Crossed Interference 453 335 118 
Difference 16 13 9) 
Main condition 401 317 90 
Perpendicular Interference 36 319 117 
E Difference 29* 2 27 


* Difference 


the effect on RT to repeated signals. 
The latter effect is significant, as 
appears in the analysis of variance 
which is also given in Table 2. 
Interference runs.—The RTs for the 
two interference runs of each session 
Were compared with those for the last 


two main condition runs under the 
This means that for 


Same condition. I ә 
Cond. D and C the comparison 15 
made with runs performed on another 
Session, while for the P condition, it is 
made with the two immediately 
Preceding runs. The results which are 
given in Table 3 show that the repeti- 
tion effect is always larger in the 
interference runs. Analysis of co- 
variance was applied separately to the 
data for each condition. A significant 
interference effect was found for the 

condition, F (1, 7) = 64, Р < 05, 
and for the D condition (F = 12:5 
P < .01). The influence of interfer- 
€nce of RTs to new signals cannot be 
Predicted from its influence on RTs 
to repeated signals. The latter is in 
act practically nonexistent, as can be 
Seen from the means in Table 3. For 
the C condition, the small interference 
effects on both categories of RTs 


between main condition runs and interfe: 


rence runs significant at p < .05. 


which are suggested by the means in 
Table 3 are nonsignificant. 

The conclusion is that under the 
two conditions where an interference 
effect on. RT could be obtained, it 
affected mainly RT to new signals. 

The reason why no interference 
eflect could be obtained under the 
C condition is probably that perform- 
ance under that condition is per- 
manently hampered by interference 
from the very familiar relationship 
which defines Cond. D so that no 
short-term interference could be ef- 
fective. In this experiment, the 
largest interference effect was ob- 
tained under Cond. P, and this 
suggests the hypothesis that short- 
term interference can best be observed 
with systems where no very dominant 
S-R pairing exists. 


EXPERIMENT II 


The data to be presented next were 
collected during a larger experiment 
which is described elsewhere (Bertel- 
son & Joffe, 1962). The main purpose 
of that experiment was to study the 
effect of two tranquilizers on pro- 
longed performance in a serial four- 
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choice task. After the main task, 
part of the Ss were given four runs of 
50 responses each, first with a straight- 
forward S-R relationship, which had 
been used in the main experiment, 
then with a different presumably less 
compatible relationship. These con- 
ditions were introduced mainly to see 
if a less compatible task would be 
more sensitive to drug effects, The 
results from the four runs under the 
compatible condition 
in terms of the repetition effect. They 
showed (a) that the e 
ina four-choice task as well as in the 
two-choice one and (b) that it is not 
affected by the drugs. The measure- 
ments taken under the second, less 
compatible, condition now offer an 
opportunity to validate the results of 
Exp. I on a somewhat different task 
and with a larger number of Ss, 


Method 


or 150 
pressed, according to w 
longer interval. 


msec. а 


hichever Save the 
The Sequence of signals was 
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random and was controlled by a punched tape 
Programmer. Тһе RTs to new and ло 
repeated signals were cumulated separately 
on two decatron chronoscopes, while magnetic 
Counters recorded the number of signals in 
each category, 

Subjects.—A total of 33 га 
aged 21-30, volunteered to take m. т 
the experiment, For the two sessions, e 
were paid a fixed wage of 500 Belgian pn 
($10.00) plus a bonus ranging from 0 09: : 
francs, according to their speed and accuracy. 

Procedure.—' The data to be reported = 
were gathered at the end of two long наза 
during which the Ss had worked dans 
ruptedly for 30 min, on the first task eb 
min. on the second one. This was done ks 
a straightforward S-R correspondence, tlie 
first key on the left corresponding to © 
numeral 1, the second to the numeral 2, е d 
(Cond, 1234). At the end of the жш 
Session, about 5 min. after having complete 
the 40 min. of uninterrupted work, the he 
did four short runs of 50 responses with t 


х h j uns 
same S-R relationship, and then four г 
With a differ. 


male students, 


9n the basis of speed en 
accuracy during the first one. One $5 ier 
received 1,20 mg. meprobamate, d a 
; mg. emyleamate, and the third 


placebo, 1 hr. before the experiment. 


Results 


^ i re 
The relevant data for each S me 
mean RT to new signals and mea 


TABLE 4 


ANALYSES or V. 


Source 


df 


5 
“ Between groups (G) 2 218 
Within groups 30 172 
Conditions (C) 1 1.532** 
Схс 2 9 
Residual 30 28 
Total 65 


ARIANCE AND Cov, 


Variance Analyses 


MS 


Note.—y — RT to new signals; x — RT to Tepeated signals, 


SEP «OL. 


ARIANCE: Exp. II 


Covariance Analysis of y 
Er ee at аа 
df MS Pp 
е сы] | ers 
398 9 A 
ais 3 169 
Мне 2 1364 | 745** 
15 2 1 
55 29 2] 
64 
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TABLE 5 
RTs iN Мѕес. кок Exp. II 


Signals Difference 
Cond. NEG 

меу рева ^ RePested 
1234 565| 422 143 
324 831| 518 316 
Difference 269| 96 173 


(3241) — (1234) 


RT to repeated signals in the four 
runs under Cond. 1234 and 3241. 
Analvsis of covariance was again 
applied to КТ» to new signals, the 
RTs to repeated signals serving às 
predictor (Table 4). A highly signifi- 
cant (p < .01) conditions effect ap- 
Pears, Since there is no interaction 
between conditions and drug groups, 
all groups were pooled to give the 
average RTs given in Table 5. The 
RTs to new signals are much more 
affected bv the modification of the 
S-R relationship than the RTs to 
repeated signals. The latter are 
nevertheless significantly affected, as 
the analysis of variance shows (Table 
4). These results clearly confirm 


those of Exp. 1. 


DISCUSSION 


give unequivocal 


The results do not t 
alternative hy- 


Support to either of the alt i 
Potheses considered in the introduction. 
The fact that one category of RTs is 
much more affected by S-R relationships 
than the other is inconsistent with the 
Second hypothesis (same mechanism with 
facilitation in the case of repetitions). 
But the fact that RTs to repeated signals 
are affected, although to a much lesser 
degree, does not permit acceptance of the 
first hypothesis (different mechanism). 

he dichotomy was probably too simple. 

more sophisticated interpretation, in- 
tegrating features of the two former ones, 
Сац now be proposed. Reactions to new 
Signals involve processes the duration 
of which depends on S-R relationships. 
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Reactions to repeated signals can be 
organized via a shorter process, with 
duration independent of S-R relation- 
ships. But this economical mechanism 
does not work reliably, so that the other, 
less economical, mechanism is called 
forth in a definite proportion of cases. 

It is now customary to conceive choice 
RT as resulting from some sort of 
progressive classification process (Fal- 
magne, 1961; Hick, 1952; Welford, 1960). 
The uncertainty about the response to 
give is progressively reduced by asking 
dichotomous questions about the stimu- 
lus. The optimum strategy consists of 
asking questions such that probability 
of a positive and a negative answer is as 
near .5 as possible. Several deviations 
from this optimal strategy can occur. 
(a) One type of deviation consists of 
asking questions with one very probable 
answer. Ап extreme case of this type of 
strategy is serial inspection, where ques- 
tions of the type "Is this stimulus a 3?” 
are asked until a positive answer is 
obtained, or until a negative answer has 
been given for all alternatives but one. 
(b) Another type of deviation consists 
of asking redundant questions, the 
answer to which can be inferred from 
those already asked. The strategy 
considered by Welford (1960) under the 
name "serial classification with check on 
accuracy" is an example: it consists of 
checking, whenever a negative answer 
has been obtained for one question, that 
the opposite question is answered posi- 
tively. Welford has shown that if such a 
strategy is hypothesized, the effect of 
frequency unbalance on binary choice 
RT can be accounted for. This effect is 
difficult to explain in case of an optimal 
strategy. (с) Still another type of 
deviation consists of asking irrelevant 
questions, i.e., which are of no value in 
choosing a response. 

The effect of S-R relationships on RT 
can be interpreted as reflecting changes 
in the classification strategy. For the 
same amount of information to be 
transmitted, poor S-R relationships 
would involve more classification steps 
than more compatible ones. This is 
exactly how Deininger and Fitts (1955, 
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р. 318) interpret compatibility, if "num- 
ber of operations" employed ‘to effect 
transformation” is the same as number 
of classification steps." The interference 
from the preceding performance under 
a different S-R relationship could be 
attributed to the Persistence of the 
classification strategy, which was used 
under that condition, 

A classification system which would 
show a repetition 
which, whatever the number of alterna- 
tives, would begin 
the stimulus is identi 
one (this step can be called the “repeat 
question”). Fora repeated stimulus, the 
decision can thus be taken in on 


ore than one step 
if some sort of Type 


Пе, Or even proceeds 


5 though no information 
had yet been gained about it, 


If poor Compatibility implies asking 
too many questions, but if for repeated 
on is always reached 


t question,” 
to new signals only will be 


The fact that the RT 
signals is also affected, alt 
much lesser degree, would mean that the 
“repeat question” is not always asked 
first. The mechanism of this question 
necessarily involves some memory device 
where the trace of the preceding stimulus 
is stored. If the trace undergoes a 
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decay, the “repeat question” cannot be 
asked reliably. This hypothesis at the 
same time explains that the repetition 
effect is reduced when the time interval 
since the last response is increased 
(Bertelson, 1961) 
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FAILURES TO OBTAIN MEDIATED GENERALIZATION 
EFFECTS IN EYELID CONDITIONING ! 


С. ROBERT GRICE, HOWARD J. SIMMONS, anp JOHN J. HUNTER 


University of Illinois 


4 experiments employing differential conditioning of the eyelid response 


were conducte! 
tion. 
verbal reactions. 
of these responses initi: 


d to investigate the phenomenon of mediated generaliza- 
The intended mediating responses were instructed manual or 
3 of the experiments involved implicit representation 
ated by the onset of the CS. In the 4th experi- 


ment the mediating response occurred just prior to the CS in order that 


the response-produced cues might form 
None of the experiments provided evidence for the 


Experiments of this kind have yielded 
evidence only when the mediating response was overt and in 
1 proximity to the mediated response elicited. 


with the UCS. 
operation of mediational effects. 
positive 
close tempora 


The present paper represents an 
extension of research reported by 
Grice and Davis (1958, 1960) which 
indicated the operation of a mediated 
generalization effect in human eyelid 
conditioning. The experimental para- 
digm of this research is a differential 
conditioning procedure involving three 
stimuli, one of which is the CS. The 
Ss then make two instructed "mediat- 
ing" responses. One of these is made 
to the CS and to one of the negative 
Stimuli; the other to the second 
negative stimulus. Evidence for me- 
diation consists of asymmetrical 
generalization, in which there are 
more conditioned eyelid responses to 
the negative stimulus to which the 
mediating response is the same 25 to 
the CS than to the one for which it is 
different. In all of the experiments 
Which have yielded positive results so 
far, the mediators were overt, In- 
Structed, manual reactions made as 
reaction time responses to the three 
stimuli, However, in most of the 
theoretical accounts of mediated gen- 
eralization, the assumed mediators are 
Implicit. The first two experiments 

! The present research was supported by 
Grants G-4416 and G-14223 from the National 


Cience Foundation. 


a favorable conditioning interval 


reported here were designed to as- 
certain whether implicit states, based 
on the same mediators previously 
used, would produce the generaliza- 
tion effect. The third experiment, 
while utilizing an overt verbal re- 
sponse, turned out in such a way that 
it is best interpreted as related to the 
first two. The fourth experiment 
involved the overt manual responses 
of the previous research, but an 
attempt was made to manipulate the 
temporal relation between these re- 
sponses and the UCS. It was an 
investigation of the hypothesis that 
mediational effects could be increased 
by bringing the mediating response 
and the UCS into a relation approxi- 
mating a favorable CS-UCS interval. 


EXPERIMENTS I, IT, AND III 


Grice and Davis (1958) reported 
one experiment in which the manual 
responses were not made until after 
the conditioning trial was over, thus 
testing the mediating efficacy of a set 
to respond. While the experiment did 
not produce a significant result, there 
was some asymmetry in the predicted 
direction. Experiment I is a similar 
experiment, but with an effort to 
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intensify the effects of set. This was 
done by instructing S to perform a 
reaction time response to a click 
which was coincident with the ter- 
mination of the CS. Since only anti- 
cipatory CRs were scored, all condi- 
tioned and generalized responses 
occurred prior to the overt response. 
Experiment II is another approach 
to the study of implicit representation 
of the mediating responses. The 
experiment began, as in the previous 
studies, with the Ss making manual 
T responses to the three stimuli. 
However, during a block of 60 trials 
in which generalization effe 


rehearse the Correct response, 
Experiment III was an attempt to 
utilize verbal Tesponses rather than 
the manual lever Pushing responses 
of the previous experiments, The Ss 
said one word as an RT response to 
the CS and to one negative stimulus, 
and another word to the Second 
negative stimulus, However, 
reaction latencies of the verba] re- 
Sponses turned out to Бе longe 
for the manual responses, 


and most 
of the Tesponses occurred after the 
end of the CS-UCS interval, Thus, in 


effect, the experiment w. 


as actually 
very similar to Exp. I. 


Method 
Subjects 


The Ss were undergraduate men and women 
who served as part of a requirement for a 
course in introductory Psychology, There 
were 12 men and 12 women in Exp, I, 32 
women in Exp. II, and 18 women in Exp. IIT. 
All Ss included made at least 10 CRs in 
Trials 41—100. 


Apparatus 


Theapparatus and general procedures have 
been previously described (Grice & I 


Javis, 
1960). Briefly, the 


apparatus consisted of 
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conventional eye-blink recording equipment 
and Programing equipment for the presenta- 
tion of three stimuli and an air-puff UCS ina 
100-trial sequence. The negative stimuli 
Were always tones of 240 and 1,900 cps. The 
CS was either a light (Exp. I) or a tone of 
850 cps (Exp. II and П). In Exp. I and III, 
tones were presented at a 70-db. loudness 
level with Fespect to an average threshold. 
In Exp. II, which was actually conducted last, 
it was necessary to change the earphones. 
The new Phones were Telephonics, ‘Type 
TDH-39, calibrated by Grayson-Stadler. 
The tones were nominally at an 80-db. loud- 
ness level, They were judged equal in 
loudness to а 1,000-cps tone produced by a 
voltage for 80 db. SPL according to the 
calibration. However, since calibration was 
with a б-сс chamber and the ear pads аш 
ployed in the experiment had a volume o 
25 cc, the actual SPL would be somewhat 
attenuated, The UCS was a puff of air of 
2 psi, and the CS-UCS interval was .5 КГ, 
€sponses resulting in pen deflections of 
mm. or more in the interval 150 to 500 msec. 
Were scored as CRs in Exp. I and III. In 
Exp. П, Provision was made for scoring 


responses to the negative stimuli in the 
Interval 200 to 800 msec. 
Procedure 

Experiment 7—The right and lift Вапа 
ever responses Were the same as previous y 
described, "ach $ made one of these ге 


(light) and to one of he 
and the other response ne f 
Omplete counterbalancing x 
Tesponses and tones was EU 
2 Coincident with € 
ation of the light and the tones was 4 
ick produced by a condenser пиш» 
nstructed to operate the Deka 

= "Г а quickly as possible when he heard сиз 
click, The S was paired with the lig li 
Only. There Vere 100 trials, the three up 
being Presented in an irregular order. Jine 
were 40 Conditioning trials with the cs, nis 
Presentations of each negative stimulus. 


h ions 
e last 60 trials consisted of 20 presentation 


of each stimulus, in 

Experiment II.—The experiment began js 

© same way as Exp. I of Grice and dm 
(1960). 4 he middle tone was the CS, and t J 
two manual reactions were made as rem ет 
time TéSpOnses to the three tones. € 
ЖЫШ 30, Ji wea ebd ec vara a de 
Switches, but for each tone to think to „е 
What the correct response was, She was to 
that she Would be tested later. 


lever a 


FAILURE OF MEDIATED GENERALIZATION 


Experiment III.—NVerbal responses were 
employed here rather than the manual 
reactions. Half of the Ss were told to say 
"High" as soon as they heard either of the 
two higher tones, and "Low" when they 
heard the low tone. For counterbalancing 
purposes, the other half was instructed to 
say "Low" to the two lower tones and “High” 
to the high tone. Actually the middle tone 
(the CS) was the same for both groups. The 
tones for which the verbal response was the 
same as to the CS were combined in analysis 
for the purpose of evaluating any mediational 
effect, and those to which the verbal response 
was different were similarly combined. Re- 
action times of the verbal responses were 
recorded by means of a voice-key. 


Results 


For all three experiments, data are 
presented in terms of number of CRs 
during Trials 41-100 which included 
20 presentations of each stimulus. 
Evidence for the mediation effect 
would be more responses to the “Same 
' tone than to the "Different 
Mean number of 


CRs to each stimulus for the three 
experiments are presented іп 1 able 1. 
No marked tendency for the predicted 
asymmetry is evident in any of the 
experiments. As in the previous 
experiments, analyses of variance 
Were performed on the responses to 
the negative stimuli, treating the 
counterbalanced variables as between- 
Ss effects and the generalization effect 
as a within-Ss effect. The generaliza- 
tion effect was significant in none of 
the experiments—all three of the F 


values being less than unity. 


Response’ 
Response" tone. 


TABLE 1 


Mran Numper or CRs TO Eacu STIMULUS 
"ix Exp. I, П, AND Ш 


Exp. I Exp. II | Exp. HI 

Stimulus 
Mean| SD | Mean| SD | Mean| SD 
Same res 3.63 | 4.41 | 9.75 | 5.56 | 10.06 | 5.15 
У SORS 834 | 5.15 | 13.50 | 5.26 
bi $85 [442 5;59 | 9:94 |6.16 


Diff. response | 3.50 |4.12 9.81 


487 


In Table 1, the means for the 
negative stimuli in Exp. II are not 
comparable with the mean for the 
CS, since they include responses in the 
interval 200 to 800 msec. rather than 
to the onset of the UCS. 

In Exp. III, the latencies of the 
verbal responses were recorded. The 
mean values for the “Same Response," 
conditioned, and “Different Re- 
sponse" stimuli were .87, .89, and .89 
sec., respectively. Since the CS-UCS 
interval was .5 sec., this means that 
a high proportion of the verbal re- 
sponses occurred after the end of the 
trial. This is quite different from the 
results obtained by Grice and Davis 
with manual responses. 

In evaluation of these negative 
findings, it is well to keep in mind the 
precision of the within-S comparisons 
which is not indicated by the SDs of 
Table 1. The .95 confidence limits 
for difference in the predicted direc- 
tion between the mean numbers of 
responses to the two negative stimuli 
are as follows: Exp. I, 1.15; Exp. Il, 
1.31; and Exp. III, 1.92. 


EXPERIMENT IV 


According to conventional media- 
tion theory, the cues produced by a 
response are supposed to serve as 
stimuli for further responses and thus 
to provide a basis for such phenomena 
as mediated generalization. In the 
Grice and Davis experiments vielding 
positive evidence, the mediating re- 
sponses and the, presumably, medi- 
ated evelid response both occurred in 
close temporal proximity within a 
500-msec. CS-UCS interval. In the 
three negative experiments reported 
above, either there was no overt 
mediator at all, or it did not occur 
until the end of the trial. In view of 
our knowledge concerning the CS- 
UCS interval in conditioning, one 
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might expect that neither of these 
procedures would be particularly ef- 
fective. Presumably, the mediating 
response should precede the UCS by 
some favorable conditioning interval. 
Experiment IV represents one ap- 
proach to approximating such an 
arrangement. 


Method 


The three tones employed as stimuli and 
the UCS were the same as in Exp. ITI above, 
However, in this experiment the tones were 
presented twice on each trial. There were 
two 500-msec. presentations separated by an 
interval of 1 sec. The 5 was instructed to 
snap the correct switch as quickly as possible 
to the first Presentation of the tone. The 

CS occurred at the termination of the 
second presentation in the case of the CS, 


Eyelid Tesponses were recorded during the 
interval 150-500 msec. of the second 
presentation, 


The experimental design in- 
volving the right and left hand responses and 
the three tones Was the same as in the 
previous experiments, The Ss were 36 women 
from the same population as above, 


Results 


No significant diffe 
tained in the number of CRs to the 
two negative stimuli, The mean 
numbers of blinks to the three stimuli 
on Trials 41—100 Were as follows: 
Same Response Stimulus, 6.19, SD 
— 3.72; Different Response Stimulus, 
614, SD — 3.71; CS, 10.11, sp 
= 4.31. In the analysis of variance 
of responses to the negative tones, the 
value of F for the generalization effect 
was less than unity. The 95 con- 
fidence limit for a difference in the 
predicted direction is 1,37 responses, 

There is no assurance that the 1-sec, 
interval between the two Stimulus 
presentations is the best for such an 
experiment. The reasoning behind 
its. choice was that almost all of the 
lever responses would be complete 
before the second stimulus, and still 
it would be short enough that traces 


rence was ob. 
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from the response would be present 
during the CS-UCS interval of the 
second stimulus. Of course, the 
actual interval between the response 
and the UCS was variable, depending 
on the reaction time of S. While this 
is clearly not the best possible ar- 
rangement from the point of view of 
conditioning, it does permit some 
evaluation of a possible relation 
between the temporal location of the 
manual response and the probability 
ofa CR. The overall mean RT was 
703 msec. The mean on trials on 
which a CR occurred was 713 msec., 
and it was 690 msec. on trials with no 
CR. This difference was not signifi- 
cant, / = 1.04, p> .3. One possi- 
bility would be that Ss responding 
slower on the average might be more 
inclined to show the mediational 
effect since longer RTs would result in 
a shorter interval between the re- 
Sponse and the UCS. The data do 
not support such a conclusion, how- 
ever. There were 16 Ss who made 
more CRs to the Same Response 
Stimulus than to the Different Re- 
Sponse Stimulus, and 17 who made 
wore to the Different Response 
Stimulus. The mean RTs of these 
two groups were almost identical—711 
and 709 msec., respectively. 


Discussion 

The evidence 
experiments js ov 
he results of E; 


from the present ed 
erwhelmingly negati > 
Xp. I together with th 


previous finding of Grice and Davi? 
pus Provide rather convincing evi- 


ence that a set to respond differentially 
to two stimuli which is initiated at ia 
eginning of the CS-UCS interval is чар 
а sufficient Condition for the mediate 
generalization of the conditioned еуен 
response. The results of Exp. III do ‘bal 
Warrant the conclusion that verba 
responses Cannot serve as mediators x 
the manua] responses apparently did le 
Previous experiments, It is still possib 


| 
| 
| 
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that a more favorable temporal arrange- 
ment may produce positive results with 
such responses. The long reaction times 
obtained for these responses, resulting 
in most of the responses occurring after 
the trial, suggest that the results support 
the conclusion of Exp. I. 

Experiment II demonstrated that an- 
other type of implicit representation of 
differential response, which was also 
initiated at the beginning of the CS-UCS 
interval, was not à sufficient condition 
for generalization effects. Of course, one 
obvious difficulty in the interpretation of 
this experiment is that we have no poly- 
graphic measures of thought. We have 
no information as to exactly when it 
occurred or concerning its consistency 


from trial to trial. 

The negative finding of Exp. IV ap- 
pears to be definitely embarrassing to 
conventional mediation theory. There 


can be little doubt that traces of the 


overt, differential responses | existed at 
the onset of the CS and during the CS- 
UCS interval. One seems forced to 
conclude that a Very reasonable pre- 
diction of mediation theory was not 


confirmed. 


A fairly accurate summary of this 
research program to date, is that media- 
tional effects have been obtained only 
when the mediating response was overt, 
and when it occurred in close temporal 
proximity to the mediated response. 
This is by no means a prediction readily 
made from existing theory concerning 
mediating processes. It also represents 
the condition representing the greatest 
danger from facilitative artifacts of the 
type investigated by Grice and Davis 
(1960). It is the writers' opinion that 
the next step in these investigations 
should involve further manipulation and 
detailed examination of the temporal 
relations among these variables. 
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PERCEPTION OF THE POSTURAL VERTICAL IN NORMALS 


AND SUBJECTS WITH LA 
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9 normal men and 10 men 
lateral tilt chair for 30 successiv; 
significant decrease in the 
The normal Ss exhibited sm. 
were small particularly 
nificant. 


The ability of normal Ss to set 
themselves to the postural vertical in 
the absence of a visual framework is 
remarkably accurate, the threshold 
values being of the order of 1-3° 
(Clegg & Dunfield, 1954; Fleishman, 
1953; Garten, 1920; Mann, Berthelot- 
Berry, & Dauterive, 1949; Pearson & 
Hauty, 1960; Solley, 1960; Witkin & 
Asch, 1948). There has been much 


Speculation literature with 
respect to i 


factors which are j 


in 


Sensory mecha. 
nisms have been listed as contributing 
to the process, notably 


tactual, kines- 
thetic, апа Vestibular cues (Garten, 
1920; Mann et al., 1949. Pearson & 


Hauty, 1960), 
evidence 


the specific nature of the 


Relatively little clear 


! This research w; 
Sponsorship of the Off 


Tograms, National Aer and Space 


Opinions 


Ppreciation to the 
2S who participated, especially Ensigns 
ап who assisted in the 


members of 
Department for their assistance 


with vestibul 


€ settings to the Postural vertical, 
average error 
aller average errors; however. the di ге 
after 15 trials and 


GRAYBIEL 


Medicine, Pensacola, Florida 


mechanisms, however. "actual ae 
have been shown to be important by 
several investigators, notably vani 
et al. (1949) and Solley (1956). | 
has been Senerally assumed that t з 
vestibular mechanism plays a dari: 
nant role in setting to the postura 
vertical in the absence of visual cues, 
and there is some evidence that E 
without Vestibular cues do not ux 
form this task as well as ш 
Garten (1920) reported that dea in 
Were less accurate than normals, deñ 
the differences were small. Pad ds 
(1959) studied the ability of € 
folded, deaf (and presumably qp 
ular) Ss to orient themselves x 
vertical by Swimming to the pedro 
after being dumped into the brun 
from a special platform. Some o fed 
deaf Ss became completely disorien 
and even swam down instead of = 
but in general their performance o 
remarkably like that of normals. {6 
this connection it is of interest to spo 
that Brown (1961) found gross ne 
in blindfolded, normal Ss who «dto 
rotated under water and then aske 
point to the surface. age 
Although there may be some qu ry 
tion regarding the specific dus 
processes involved in setting to ble 
Postural vertical, there is considera 
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evidence to indicate that accuracy 
increases with practice. Solley (1956, 
1960) presents practice curves for men 
which show marked improvement for 
about 15 trials with slight improve- 
ment thereafter up to 30 settings of 
the chair to vertical. Evidence of 
learning has also been reported by 
Garten (1920), Fleishman (1953), and 
Pearson and Hauty (1959, 1960). It 
would appear that basic information 
regarding the sensory processes in- 
volved in the improvement with 
practice in setting to the postural 
vertical would be obtained by com- 
paring the performance of normal and 
nonnormal Ss in this situation. 
Therefore, this study was designed to 
compare normal Ss and 55 with 
defective vestibular function with 
respect to the eflects of practice on 
their ability to set themselves to the 


postural vertical. 


METHOD 


A bbaratus.— The apparatus consisted of a 
large tilting chair which could be controlled 
by E or S independently. The chair had a 
Wooden seat for these observations and was 
tilted, with the center of rotation at seat 
level, by a hydraulic motor controlled by 
either Æ or S turning à knob. The angular 
velocity was variable depending on the 
Pressure applied to the knob, ше, peg 
Tecovery velocity varying between 2 TA 
rpm. This was well above the optimum i 
reported by Clegg and Dunfield aes a ie 
S was strapped firmly in position 1n ше т 
With seat belt and shoulder straps, an ‚ДГ. 
head was held firmly in position by а m 
head rest. The position of the chair could £ 
read on a dial to an accuracy of i a 
Who sat at а table directly behind ^ i e 
room in which the chair was locatec wis 
darkened during all of the кө, and S's eyes 
wer j with eye patches. M 

куше Nine control Ss and 10 Ss with 
Vestibular defects took part in the experiment. 
Medical examination revealed that all were 
i ‘All of the controls 


in al health. 
Food ‘gener ited normal re- 


had heari exhibi 
n a earing, " 
zu ation, and perceived the 


Sponses to passive rot 
oculogravio illusion. 1l of the nonnormal 
Ss acquired their deafness in childhood as a 
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sequela of meningitis. Seven of the 10 had 
some residual hearing when exposed to high 
intensity noise. Although none exhibited 
definite nystagmus as a result of caloric 
stimulation (ice water), questionable nys- 
tagmic beats (not sustained) were recorded 
in3. Four Ss including these 3 also perceived 
the oculogravic illusion, indicating at least 
some functioning of the otolith apparatus. 
The remaining 6 did not perceive the illusion. 

Procedure.—The experimental procedure 
was similar to that used by Solley (1956) but 
differed in several important respects. Each 
S was instructed regarding his task and was 
given several practice trials in controlling the 
chair while he stood to one side of it and 
operated the controls on signal from E. 
But no preliminary practice was given in the 
chair. He was told that his task was to set 
himself to the upright with respect to the 
outside world on signal from E. The S’s eyes 
were then bandaged, and the room was 
darkened. ‘The series of trials was given as 
follows: The chair was in a vertical position 
before S was tilted and E signaled, “upright.” 
The S sat in the upright position for 5 sec., 
and then the chair was tilted 30° to the right. 
On reaching the tilted position, E signaled to 
S who immediately aligned himself to the 
vertical. The S signaled when he felt he was 
in an upright position, and E recorded the 
magnitude and direction of the error. The 
S was then returned directly to the physical 
upright for 5 sec., after which he was tilted 
30? to the left. Tilts to the right and left were 
alternated, and 30 trials were given each 5 
with a 60-sec. rest period between each series 
of 10 trials. After the test series, E asked S 
to report on his subjective experiences and in 
particular to indicate which cues were judged 
to be helpful in accomplishing his task. 


RESULTS 


Plots of the median error for each 
of the 30 practice trials for the normal 
Ss and Ss with vestibular defects are 
presented in Fig. 1. These data show 
that with practice there is a reduction 
in the median error in setting the 
chair to the postural vertical. Com- 
parable data from a study by Solley 
(1956) show a striking similarity in 
the practice curves for the normal 55 
despite the fact that the method in 
this experiment was somewhat differ- 
ent. Solley’s Ss showed greater error 


EES 
AL IN DEGR 
MEDIAN DEVIATION FROM GRAVITATIONAL VERTIC. 

w 


8 10 12 


TRIALS (SETTINGS то 


‚ Conti 
longer, and reached г 


error level, ; it is unlikely 
that these еге аге significant, 
Significance of the differ 
ences among the Successive blocks of 
trials, a trend analysis was Performed 
(Edwards, 1950) after randomly elim- 
inating 1 S from the 

to equalize the 
for trials was 
(b « .01), indic. 
cessive blocks o 
cantly. 


at lower 


found 
ating that 
f trials di 
The different 


Groups of 
Ss X Trials interaction gave an 
F (5,80) = 1.7, p > -05, Showing no 
significant difference between the 


forms of the two curves, 

The normal Ss were Superior to the 
nonnormal Ss throughout the six 
blocks of trials (Table 1), but the 
differences were small Particularly 
during the final trials and did not 
reach statistical Significance in the 
analysis of variance, F (1, 16) = 3.36, 
b 2.05. It should be noted that in 
the final three blocks of trials the 
differences between the two groups 
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= = 7:10 MEN WITH VESTIBULAR DEFECTS 
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~= DATA AFTER SOLLEY (1956) 


l4 16 


18 20 22 24 26 28 30 
VERTICAL) 


Postural vertical, 


an Its 
Were less than а degree. These resu 


confirm earlier findings by Gantor 
1920) and are simiier (7 Бойу 
(1960) in showing that Ss can рша 
with Practice in Setting themselves te 
the Postural vertical in spite 9 
Sensory limitationg which result in 
initia] large errors, 

ne additional 
made regarding the 
efective vestibul 


point should E. 
errors of Ss wit 


" T e 
ar function. Th 


TABLE 1 
DEGREES IN PERCEPTION OF 


ERTICAL IN BLOCKS 
OF Етук Trias 


Trial Blocks 


11-15 21-25 
26 |24 
17 | 4.7 
09 | 07 


27 |27 


16-20 


2.2 
1.6 
0.6 


Nonnorma] 6 
Veg 2. 
After Solley 
(1956; 
eft tilt 
Right tilt 
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data reported in this study were col- 
lected on the first day of a 2-wk. 
testing schedule. Subsequent tests in 
the Pensacola Slow Rotation Room 
(Gravbiel, Clark, & Zarriello, 1960) 
showed that 4 of the Ss observed the 
oculogravic illusion, indicating some 
otolith function. ‘The mean error by 
blocks of five trials for the remaining 
6 Ss shows that their errors were 
greater in all six blocks of trials and 
substantially greater than for the 
total group for about the first 20 
trials (Table 1). These differences 
lend additional support to the notion 
that Ss without otolith function can 
be expected to make marked im- 
provement with practice. 

An analysis of the subjective reports 
“the cues judged to be of 
importance in setting to the postural 
Vertical indicated that they were 
much the same for the two groups. 
Both groups reported using pressure 
cues to the head, shoulders, thighs, 
and buttocks in making the settings. 


regarding tl 


In general, these reports correspond 
to those reported by Solley (1956) ; 
some definite 


hevertheless, there were ni 
differences in subjective reports. | Five 
Nonnormal Ss reported being seriously 
confused or lost with respect to their 
Position whereas only 3 normal Ss 
Showed any feeling of confusion and 
these were very slight. These con- 
fusions may be considered to be 
Comparable to those reported by 
Padden (1959) for deaf Ss in water. 
The data also give support to the 
findings of others that settings tend 
to be made in the direction of tilt 
(Fleishman, 1953)- This was true 
for both groups. For tilts to the 
right, the 9 normal 55 made the follow- 
ing settings: right, 97; left, 32; and 
zero, 6; the 10 nonnormal Ss set 83 
Tight; 58 left; and 9 at zero. For the 
tilts to the left, the 9 normals set 84 


left; 44 right; and 10 at zero while the 
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nonnormal Ss set 130 to the left; 
16 to the right; and 4 at zero. 


DISCUSSION 

The two primary findings of this study 
were: 

1. Both normal and nonnormal Ss 
showed improvement with repeated trials 
in setting themselves to the postural 
vertical. This not only supports the 
results of similar studies of the postural 
vertical cited above, but it also supports 
the general principle that, in a wide 
variety of situations, practice in a per- 
ceptual task results in the perception 
becoming more veridical (Gibson, 1953). 

2. The normal Ss were superior to the 
Ss with vestibular defects, but the differ- 
ences were relatively small and not 
statistically significant. It should be 
pointed out that the method used was 
selected to facilitate high level perform- 
ance. Although there is some difference 
of opinion in the literature regarding the 
factors which facilitate performance in 
this task (Pearson & Hauty, 1960), the 
following should be pointed out as factors 
which possibly contributed to “optimum 
performance” in this experiment: (a) The 
S passed through the vertical following 
each trial and was permitted to adjust 
the chair through the vertical in making 
his adjustment (Pearson & Hauty, 1960). 
(b) The S had knowledge of results for 
each setting since he was placed at the 
gravitational vertical following each 
trial. (с) A hard seat was used (Mann 
etal., 1949). (d) The head was held in a 
fixed position, and the body was firmly 
supported by the chair and straps 
(Fleishman, 1953; Solley, 1960; Werner, 
Wapner, & Chandler, 1951). (e) The S 
returned himself to the vertical im- 
mediately (Passey & Guedry, 1949; 
Pearson & Hauty, 1960). 

Under these "optimum conditions" the 
normal Ss exhibited smaller average 
errors at the outset than the group with 
vestibular defects, but after 15 settings 
the Ss with defective vestibular function 
reduced their errors to approach very 
closely the performance of the normals. 

These results show that normal vestib- 
ular function is not a prerequisite for an 
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S to set himself to the postural vertical 
with considerable accuracy, in the ab- 
sence of a visual framework, particularly 
after practice. Subjective reports in- 
dicate that most of the Ss were clearly 
aware of pressure cues from various parts 
of the body and that they used these cues 
in setting the chair. These cues appear 
to be adequate to insure good perform- 
ance in the group with defective vesti- 
bular function. For example, 1 
normal S made a 
final 10 settings of o 
best performance in 
normal S made а medi 
the final 10 trials. 


it is of interest to note that the 
normal Ss, who w 


age error during 
10 trials (mean error—2,1°) 
6 who did not Perceive this 
* It is note- 
individual with the 
rror on the final 10 
to have no residual 
Thus, the nonnormal 


ance on this task in spi 

they experienced ¢ i 
normal Ss, Furthermore, these results 
offer convincing evidence that the tilt 


chair, as used here, is nota valid indicator 
of vestibular function, 


These results also su 
possibility that рге: 
primary importance 
setting the chair to the gravitational 


vertical. The overall better performance 
of the normal Ss Particularly 


pared with the small group 
normals (Table 1) Suggest that the 
otoliths may also play an important role 


especially in finer adjustments to the 
vertical without practice, 


ot found in 


ggest the strong 
Ssure cues are of 
for normal Ss in 


of 6 non. 
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EXTINCTION IN A RUNWAY AS А FUNCTION OF 
ACQUISITION LEVEL AND REINFORCEMENT 
PERCENTAGE ! 


WINFRED F. HILL Ахр NORMAN E. SPEAR 


Northwestern University 


Level of acquisition training (8, 16, 32, 61 
% a 


age of food reinforcement (100 
factorially for 100 rats in a straig 


training and was followed by 28 t 


and 12 on the next. 
function of training level, with 
Running speed early in extinctio: 
training. This effect dis: 
but not for the 50% groups. T 
pothesis, 
an inverte 


Hullian theory predicts that re- 
Sistance to extinction will increase as 
the number of reinforced acquisition 
trials increases (Hull, 1952). The 
bulk of the support for this prediction 
has: come from Skinner box studies 
(e.g., Harris & Nygaard, 1961; Perin, 
1942). However, some runway stud- 
les support the same conclusion. 

awrence and, Miller (1947), after 
explaining away some earlier contrary 
findings, demonstrated greater re- 
Sistance to extinction of a running 
response after 16 reinforced trials than 
after 8. Similarly, Lewis and Cotton 
(1959) found greater resistance to 
extinction after 60 trials on random 
50% reinforcement than after 16 
trials, 

Other recent data, , ha 
Suggested that resistance to extinction 
Шау not be à monotonic increasing 
unction of number of acquisition 
trials, North and Stimmel (1960) 
found faster running during extinction 
after 45 continuously reinforced trials 
11 a runway than after either 90 or 
35 trials, Taken in conjunction with 

€ other runway studies mentioned 


l'Dhis research was supported by Grant 
8706 from the National Science Foundation. 


however, have 


G. 


appeared z 


suggested by previous studies, 
d U function of degree of training. 


, and 128 trials) and percent- 
nd 50% random) were combined 
Acquisition was by massed 


ht alley. 
inction on one day 


rials of massed ex 


Running speed in late acquisition was an increasing 


no ificant effect of percentage. 
n was also an increasing function of 
as extinction progressed for the 100% 


hese results do not support the hy- 
that resistance to extinction is 


above, this suggests that as acquisi- 
tion training is continued beyond 
some point, resistance to extinction 
may reach a peak and then decline. 
The possibility of some function other 
than a monotonic increasing one is 
also suggested by a variety of other 
studies, human and animal (e.g. 
Capaldi, 1958; Lewis & Duncan, 
1958; Murillo & Capaldi, 1961). 

]t is noteworthy that the runway 
studies have used two or at most three 
acquisition levels, so that the hy- 
pothesis of an inverted U function has 
not been adequately tested within a 
single experiment. The present study 
attempts to fill this gap by comparing 
extinction after five different acquisi- 
tion levels with both continuous and 


partial reinforcement. 


METHOD 


— The Ss were 100 experimentally 
lbino rats of the Sprague- 
Dawley strain, 74-77 days old at the be- 
ginning of experimental training. Eight 
additional 5s were discarded; 3 because they 
would not eat the reward pellet within 2 min. 
for three consecutive trials, 3 because 2 min 
elapsed from the starting to the stopping of 
either clock on three consecutive trials, and 


2 because of E error. 


Subjects. 
naive, female a 
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a start box 12 in. long and 5 in. wide, a stem 
30 in. long and 33 in. wide, and a goal box 


The start box 
and stem were 4 in. high, with floors of wood 


the start box and stem w 
the floors were gray. 
the start box from t 
from the goal box, А -Ül-sec. timer was 
Started automatically when the start-box 
door was opened and Stopped when 5 passed 
through a Photocell beam 6 in. from the 
Start-box door, of this first 
i -5ес. timer which 
ough a second 
Thus, the 
time while the 
The second 


returned with 5 to 


a fifth pellet, A once-daily fe 
began on the first d 


start of preh: 
To maintain a constan 
amount of ground 
justed according to the number 
pellets consumed (i 

Experimental training. —On eac 
placement into the start box, t 


remain there for 10 sec. F 
removal from the goal box to plac 
start box for the next trial, 30 
during which § was placed in its c. 
(also its home cage) where water w. 
available. If on any acquisition trial s failed 
to stop a given timer within 2 min., S was 
removed from the Tunway and placed in the 
goal box for the usual 10-sec. period followed 
by the 30-sec. intertrial interval, If S failed 
to stop a given timer within 2 min. during 
extinction, it was manually removed from the 
runway and placed in its carrying (home) 


ement in the 
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cage for the usual 30 sec. If, in ер 
or extinction, S failed to stop the seconc 
clock within the 2-min. limit, its running time 
for that trial was recorded as 120 sec. It 5 
failed to stop the first clock within the limit, 


both start and running times we recorded 
аз 120 sec. On rewarded acqu ion trials, 
one .045-gm. Noyes pellet was available in a 
glass container in the goal box. On non- 


rewarded trials (extinction or ae ng hs 
the pellet container was not present in the 
goal box. А е 
Design.—Number of training trials in 
acquisition (8, 16, 32, 64, or 128) Dior ii 
onally varied with Percentage of reinforce 
acquisition trials (50 or 100) using 10 m 
dependent groups of 10 Ss each. (Дд 
Was completed in one session for Дош 
receiving 8, 16, ог 32 trials, and 32 tias раг 
day were given the other groups on memet 
ays until completion of training. All БОШ, 
Were treated alike during extinction and wars 
given 28 trials on the day immediately folos 
ing the last acquisition session and 12 on A 
next day, Extinction differed from деци 
Чоп only with respect to the treatment i 
nonruns noted above and the absence О 
Teward and container from the goal box. 


RESULTS 
Acquisition —The 
for the two 


acquisition епке: 
128-trial groups are show 


ш Fig. 1. These curves show a м 
gestion of the tendency, previously 
noted by С 


oodrich (1959) and others, 
for the 100% Sroup to run faster early 
in acquisition and the 50% group to 
Tun faster later in acquisition. How- 


ever, the difference between these two 
Broups on c 


he last 4 trials of acquist- 
tion falls just short of significance, 
(18) = 1.95, and that on the entire 32 
trials of the last day of acquisition 18 
Sven less Significant (tof 1.25). In 
addition, the 100% curves shows а 
combinati 


" : 5 
Оп of decrement within day 
and remin; 


to the 
"scence from one day to th 


next, a Phenomenon also found in a 
different alley p Hill and Spear 
(65, oY By Hi 

Mean Tunning speeds for the. m 
Broups on the last 4 acquisition trials 
are sho 


P аў 

Wn as the first point in Fig. 2 

(100% groups) ant Fig. 3 (50% 
groups), The increase in speed wit 
number of acquisition trials, whic 
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RUNNING SPEED (FT/SEC) 


9 


арреагв to be a log linear function, is 
highly significant, F (4, 90) — 24.62, 
X.001. А test for multiple com- 
Parisons (Duncan's new range test; 
Tom Edwards, 1960) revealed ap- 
Parently asymptotic performance by 
the 10095 groups within 32 trials. 
hat is, Groups 32-100, 64-100, and 
28-190 did not differ among them- 
elves but were significantly faster 
b <.01) than 16-100 and 8-100. 
ithin the 50% groups, Ss given 64 or 
trials were also equivalent in 
“Peed but differed from Groups 32-50, 
6-50, and 8-50 (p < .01). The effects 
"d Percentage reward and of the 
Taction between number of trials 
Percentage are both nonsignifi- 
Sant, F (1, 90) = 1.36 and F (4, 90) 
6 


Ei 


inte 


The starting latencies showed simi- 


17 5 
BLOCKS OF FOUR TRIALS 


Fic. 1. Acquisition curves for the two 128-trial groups. 


lar patterns to the running speeds, and 
detailed analyses of this measure are 
not reported. Two points, however, 
deserve mention. (а) The within- 
days decrement and the reminiscence 
mentioned above did not occur for the 
starting latencies. (b) The superiority 
of 50% reinforcement to 100% in late 
acquisition within the 128-trial condi- 
tion was even less significant than 
with the running speed measure (t of 
-91 for the last 4 trials), 
Extinction.—As in acquisition, the 
results for starting latency were so 
similar to those for running speed that 
only the latter are reported here. The 
extinction curves for the running 
speed measure are shown for the 5 
100% groups in Fig. 2 and for the 5 
50% groups in Fig. 3. All 10 groups 
were combined in a trend analysis, in 
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which the four trend points were, 
respectively, the last 4 | trials of 
acquisition, the first 12 trials of ex- 
tinction, the next 16 trials of extinc- 
tion, and the final 12 trials (second 
day) of extinction. The acquisition 
point was included in order to take 
account of extinction Occurring on the 
first few trials. This analysis is 
summarized in Table 1, Probability 
values remain the same if the con- 
Servative degrees of freedom Suggested 
by Geisser and Greenhouse (1958) are 
substituted for those indicated. The 
Significant F values indicate that 
groups receiving more training showed 
greater overall speed but also a more 
rapid decrease in Speed over trials. 
The familiar partial reinforcement 
effect was present, but it was not very 
powerful, and did not enter into any 
interactions, Тһе Smallness of the 
all reward is con- 


finding by Hulse 
(1958) and by Wagner (1961) that the 


E is greater with large reward than 


It appears from Fig. 


2 and 3 that 


RUNNING SPEED (FT/SEC) 


3 4 


Fic. 2. 


л ___ 


5 
BLOCKS ОЕ 


Extinction Curves for the five 1000; 
the final four trials of 2 pea 
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TABLE 1 


TREND ANatysis OF LATE ACQUISITION 
AND EXTINCTION 


Source df MS g 

Uncorrelated 

Action levels alaaa {д.а ке» 

Percentages (P) 1| 7.308 420 

AXP 4| 2.238| 1.29 

Ss within groups 90| 1.740 

orrelated 

Trend (T) 3| 2.986 | 12.08*** 

TXA 12| 1.518 | 6.60 

TXP 3 .376 | 1.63 

ТХАхР 12| .397 | 1.73 

Error 270 .230 
emm ul 838 


Nm CEU rar ext. 
Note.—Meaning of trend points is explained in tex 
.05. 
*** < .001. 


little extinction occurred in the groupe 
With the least acquisition b npe 
згоирѕ with more training started А 
а higher level, dropped more rapidly, 
and in the 100% condition appear on 
Nave reached nearly a common «o а 
tote. This is indicated by the F м 
number of acquisition trials within t " 
10067 Trials 13-28 © 


./0 Condition on Al- 
extinction, which is less than 1. 


HR. INTERVAL 


24- 


6 7 5 10 
FOUR TRIALS " 


: (A designates 
Acquisition у 
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) 


RUNNING SPEED (FT/SEC; 


24-HR. INTERVAL 


5 6 7 8 9 10 


BLOCKS OF FOUR TRIALS 


Fic. 3. Extinction curves for the five 50% groups. 


(A designates 


the final four trials of acquisition.) 


though a curvilinear relationship is 
Suggested within the 100% groups 
Оп the last four trials of the first 
extinction day, neither the quadratic 
(F = 2.84) nor the linear (F «1 
Components are significant with df = 
1/45, In the 5095 condition the 
initial differences were preserved to a 
Sreater extent, the overall F for Trials 
13-28 being 4.73, significant at the .01 
level for df = 4/45 . 


DISCUSSION 


The findings in this experiment, though 
9t decisive, tend to support the view 
that resistance to extinction is an in- 
Teasing function of number of acquisi- 
ton trials throughout the range of values 
“sted, This relationship is fairly clear- 
ut in the 50% condition, but in the 
1 o condition the conclusion depends 
Part Y on how one defines resistance to 
*Xtinction, Groups with more training 
din aster in early extinction, showed no 
fo Terence in later extinction, and there- 
еы dropped more rapidly in absolute 
Tre 5 (as revealed by the significant 
"d X Acquisition Level interaction) 


but not necessarily in relative terms. In 
any case, there is no indication that 
additional training trials lead to reduced 
running speed during extinction. 

The reason for the marked difference 
between our results and those of North 
and Stimmel (1960) is not clear. The 
most obvious difference between the two 
procedures is their relative spacing of 
trials (20-40 min. ITI) in contrast to our 
massing. Their rats received a larger 
daily ration than ours, and the reward 
magnitudes may also differ, but they do 
not specify the weight of their reward 
pellets. Our apparatus also differed 
considerably from theirs although their 
primary response measure of starting 
time was very similar to our starting time 
and in our experiment starting time 
(though somewhat more variable) yielded 
the same relationships as running time, 
The fact that our response measure ro. 
vealed less extinction may be due to the 
width and height of our runway which 
were very likely more conducive to 
running than to competing responses, 
It is noteworthy that the two experi- 
ments they report differ in the detailed 
results, with the maximum superiority 


500 


of the least overtrained group coming 
early in extinction in Exp. I but late in 
extinction in Exp. II. If the trend of our 
128-trial 10095 group in the first day 
of extinction had continued (see Fig. 2), 
our curves would have shown some 
(though still not close) resemblance to 
the comparable curves in North and 
Stimmel's Exp. II. However, the ap- 
parent spontaneous recovery in our 128. 
trial 100%, group interrupted this trend, 
and our results are clearly discrepant 
from North and Stimmel's, 
A possible interpretation of the relation 
found here between number of training 
trials and extinction is based on Spence's 
(1956) equation, E = H(D--K) in 
depends on the number of prior 

arded or not, 


the 
E and h 


ced enough trials 


to attain asymptotic Н. (See also 
North & Stimmel, 1960.) his inter. 
pretation works well for the 100% 
groups, but additional assumptions 


would be needed to explain 


the Perform. 
ance of the 50% groups, 
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SEARCH-DISCRIMINATION TIME FOR MISSING 


STIMULUS INFORMATION ! 


ALEY THOMAS лхо CHARLES M. SOLLEY 


Center for the Study of Cognitive Processes, Wayne State University 


2 experiments in search discrimination. were conducted. ma pes Sih 
grade children had to search for a missing stimulus mape ^ hic i Ww ou < 
complete the set. Targets were defined by either single a c ons 
—color, form, or size; кесу ш colo: à “ о 
form-size; and triple classifications—color-form-size К, peer e 
The number of stimuli in the search field was either 8, } (3 » or S. E. 
was found that search-discrimination time increased (near у м ith ше 
number of stimuli; that single- and triple-classified stimuli were easier 


БУ” 


than double-classified ones; and that p 


actice facilitated search dis- 


crimination, particularly for double-classified stimuli. 


In nearly all complex discrimina- 
Чоп tasks a person must search for 
Stimulus information and, simulta- 
Neously, make simple decisions about 
the stimuli he samples in his search. 

he present studies are concerned with 

Ye search-discrimination-inference be- 
&vior of a child when he is confronted 
With a number of stimuli of various 
Classifications, of which one item is 
Missing, | 

There are several variables which 
Сап make a search-discrimination- 
Scision problem easy or difficult. 

le present studies used the following 
Variables: (а) The number of stimuli 
! the perceptual field, (b) the number 

Classifications defining a search 
target, and (c) the amount of practice 
5 was given at discriminating and 
Categorizing the stimuli. Eriksen 
(1952) has demonstrated that an in- 
Tease in the number of classifications 
;Sning search targets, produces an 
Merease in search-discrimination time. 

cordingly, it was hypothesized that 
the number of classifications de- 


b ! This research was partially supported 
Y the Menninger Foundation and by a 

arch grant (M-3924) from the National 
stitute of Mental Health, National In- 
H. utes of Health, United States Public 
Salth Service. 


Тезедт, 


fining a missing stimulus target in- 
creased  search-discrimination time 
would increase. It is also known 
(Archer, 1954; Gregg, 1954) that 
discrimination reaction time decreases 
with practice. Again, it was hy- 
pothesized that search-discrimination 
time for locating missing stimulus 
targets would decrease with practice. 
Аз to a hypothesis about the effects 
of number of stimuli, there were two 
alternative hypotheses, both based on 
experimental evidence. Several stud- 
ies (e.g., Archer, 1954; Archer, Bourne, 
& Brown, 1955; Gregg, 1954) have 
shown a logarithmic relationship be- 
tween the discrimination time and the 
number of stimuli in a field, while a 
few other studies (e.g, Solley & 
Snyder, 1958) have found a linear 
relationship in search-discrimination 
tasks. It was hypothesized, on this 
basis, that a monotonic relationship 
would be found between search- 
discrimination time and the number of 
stimuli to be searched among. 


METHOD 


Stimulus materials. Тһе 
terials were geometri 
colored paper and 
selected points on 
They were of three 


stimulus ma- 
c figures cut out of 
mounted at randomly 
sheets of white paper. 
colors (red, green, and 
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blue), three forms ( 
diamond), and three Sizes (900 sq. mm. or 
large, 625 sq. mm. 400 
oe or small). A total of 27 combinations 


were used, 


uS was defined 
by a single classification either color, form, 


For example, in one Problem there 


, 
А single classifica- 

Search target, In 
three other Problems the missing stimulus had 
either form-color, 


9r example, in one 
of these problems there 


9ne large ang one 
to search and dis- 


large blue Square, 


were constructed usin 17, 35, and 53 stimuli 
For example, in a Problem using 53 stimuli 
there were 18 Small red сї 


circles, 


figures, respectively, ұу 
of 10 Ss. Each of th 
level. These groups are referred to as Exp. I, 
A fifth group of 10 Ss Teceived all of the 
problems at three levels (8, 17, and 3s 
figures). Problems with 53 igures were 
omitted since it was found, in Preliminary 
testing, that all four levels of Problems made 
the task too long and tedious for the Ss. This 
fifth group, with repeated 

over levels, is referred to as Ex: 


p. IH. 
The Ss were 50 children (28 boys and 22 
girls) of the Sixth grade of Isaac Crar 


Elementary School in Detroit, 
The average age of Ss was 11 yr, 
was randomly assigned to one of t 
groups. 

Procedure.—Each $ у 


as tested individ- 
ually. Не was shown 


an example of each 
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This is a game I want you to play. It is 
an unusual game because you have to find 
something that isn't there. For example, 
if I were to show you a picture of a car with 
only three wheels, you would say, “а wheel 
i are to look at each of 


Following 
questions 
to do. 


these instructions, E answered all 
until S said he knew what he was 
Then E exposed one of the problems 
by placing it in front of S. At the same time 
E started his stop Watch. If S рауса Wrong 
answer, E told him to continue and permitte! 
the stop Watch to continue. A different 
random order of Presenting problems was 
used for each S. 


RESULTS 


In order to evaluate the results on 
the Search-discrimination experiments 
it is useful to xamine the two studies 
Separately, °xperiment I can tell us 
ot the number of stimuli 
11 the search field (referred to аз 
апа the type of stimulus 
Оп influenced the time re- 

find What was missing. 
“Xperiment ll gives us data which 
Techecks these variables and which 
nformation, in addition, on 
8 of practice, 

рне mean search- 
‘Scrimination times of Ss, required 
h Situation in Exp. I, are given 
It арреагѕ from the data that the 

: discrimination time increases 
with the increase in the number of 
Stimuli though the increase is not the 
for all e factors. Table 4 

at the increase is approxi- 
Пса аг for all types of stimulus 
Classifications *Xcept for the color-size 
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TABLE 1 


MEAN SrAncH-DisckiMD: TION TIME 


(SEc.) Овтліхер IN Expr. I 
Number of Figures 
Factors 
8 | 17 
Color 7.5 122.5 24.2 | 55.1 
Form 6.0 | 14.7 5 | 47.2 
Size 18.3 120.8 [52.3 | 65.5 
Color and form 16.2 [24.4 28.1 67.1 
"Огт and size 18.6 |54.3 167.3 92.5 
olor and size 9.7 |30.8 |80.3 65.0 
olor, form, and size | 6.6 [18.4 31.0 | 55.4 
Mean 11.9|22.4 [57 64.0 
—-— — = 
Classification. For example, the 


arch-discrimination time for color- 
Size for 35 figures is greater than for 
the level of 53 figures, In the remain- 
"E situations the increase in dis- 
crimination increases with the number 

Stimuli. These data indicate a 
Mear relationship between the num- 
f stimuli and the average time 
required to find the missing stimulus 
Or each type of stimulus classification. 
The mean search-discrimination times, 
Averaging over the different stimulus 

3SSifications, for each level of 8, 17, 
"апа 53 figures are 11.9, 22.4,43.7, 
and 64.9 sec., respectively. 

5 for classifications of search tar- 
Bets, the overall search-discrimination 
times for color and form are not 
“8hificantly different from one an- 
3 er, as tested by at test, while both 

these are significantly lower than 
el à missing size. Among the double 
ea Sifications, form-size is signifi- 
ny harder to locate than color- 
m but none of the other differences 
co nificant. The triple classification, 
to r-form-size, is significantly easier 
Cla, 9Cate than any of the double 
dig, ications but is not significantly 
Но eft from the single classifica- 
bea, s. These tests, however, did not 
Con directly upon our hypothesis 
thing the effects of the number 


Se 


а 
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of classifications defining 
target. 

To test this hypothesis, the average 
search-discrimination times for single, 
double, and triple classifications. of 
missing targets were computed for 
each individual. The analvsis of these 
data is given in Table 2. 

The F between levels is significant, 
indicating that the number of stimuli 
in the search field significantly affects 
search time. In addition, there isa 
significant difference between number 
of classifications defining the search 
target. As determined by the ¢ tests, 
the double-classification problems are 
significantly more difficult than the 
single- or triple-classification problems. 
The significant interaction of Levels 
X Dimensions indicates that the 
slopes shown in Fig. 1 are not parallel, 
The slope for the two-factor problems 
is steeper than those for the single- or 
triple-classification problems. 

The mean search times for single, 
double, and triple classifications of 
stimuli were plotted against number 
of stimuli, and a linear function was 
fitted by the method of least squares. 
The results are shown in Fig. 1. This 
figure shows that a linear relationship 
is much more reasonable than а 
logarithmic one. It also shows what 
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TABLE 2 


ANALYSIS ОЕ VARIANCE oF 
SEARCH-DISCRIMINATION 
TIMEs IN Exp, I 


Source df MS F 

Uncorrelated 

Levels (L) 3 161,055.5 17.2** 

Error (b) 36 936.0 
Correlated 

Classifications (C)} 2 31,074,5 203.2** 

L 2€ C. 6 2,516.9 16.5** 

Error (w) 72 152.9 i 
Total 119 

**5 c.01. 
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ANALYSIS ОЕ VARIANCE ОЕ 
SEARCH-DISCRIMINATION 
TIME IN Exp, II 
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SEARCH FOR MISSING STIMULUS INFORMATION 


П. Since each S had a Score in each 
condition, a mixed design was used. 
The results of this analysis are shown 
in Table 3. "This shows that all 
Variables were significant. 

The means for the various experi- 
Mental conditions in Exp. Il are 
Shown in Table4. Asin Exp. I, ¢ tests 
reveal no significant difference be- 
tween color and form but that each 
of these single classifications was 
easier than size. There were no sig- 
Nificant differences among the double- 
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classified targets although form-size 
was again the most difficult to locate. 
Form-size was more difficult than 
color alone, form alone, or color-form- 
Size. Again, there was no difference 
between color-form-size and color 
alone, or form alone. 

Asin Exp. 1, a mean score for single- 
classified, double-classified, and triple- 
classified search targets was computed 
for each S. Again, ! tests reveal that 
there were no significant differences 
between single and triple classifica- 


e T-.678N 3.378 
m *L.l37N-* .287 
А  T:.996N-3.386 


NUMBER OF STIMULI 


DL 2. Mean search-discrimination time as a linear function of 
Composed of single-, double-, and triple-classified stimuli. ( 
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Least squares solutions are 


506 


tions, and that both of these were 
significantly easier than double classi- 
o р ИА search-discrimination 
times for single-, double-, and triple- 
classified search targets were plotted 
as a function of number of stimuli to 
be searched among, as shown in Fig. 2. 
A linear line again seemed to yield the 
best fit, and the least squares solutions 
are shown in Fig. 2. 

Since all 3 levels of problems were 
given to the same group of students 
in Exp. II and since these Ss were a 
random sample from the same popula- 
tion as in Exp. I, it was possible to 
note the effects of practice. In this, 
the mean discrimination times for the 
8 levels for Exp. I and II were not 
significantly different but the times 
for the 17 and 35 levels were, showing 
that practice did facilitate search. 
A closer inspection of Tables 1 and 
4 reveals that only the double- 
classification problems showed a sub- 
stantial reduction in search time as a 
function of practice; and that most of 


this reduction came for form-size and 
color-size. 


Discussion 


Contrary to what 
would predict, a loga 
between search-discr 
number of stimuli in 
not found. Instea 
relationship was fo 
reported by Solley 
This is difficult to 


information theory 
rithmic relationship 
imination time and 
the search field was 
d, a simple linear 
Und similar to that 
and Snyder (1958), 
rationalize on ana 


ALEY THOMAS AND CHARLES M. SOLLEY 


priori basis but stands as an empirical 
finding. А 

In agreement with Eriksen (1952) and 
Archer (1954) are the results showing 
that double-classification problems were 
more difficult than are single-classifica- 
tion ones. However, the triple-classifica- 
tion problems were not more difficult 
than the double; rather, the reverse was 
true. Indeed, the triple-classified search 
targets were as easy to find as the single- 
classified ones. This result was com- 
pletely unexpected but held up from 
level to level and from Exp. I to Exp. П. 

In addition, a comparison of Exp. I 
with Exp. II revealed that practice 
facilitated search discrimination, €s- 
pecially with respect to search for 
double-classified targets, The Ss ар, 
peared to be more at ease with the tas 


к eun 
and it was suspected that aa 
facilitated understanding the task 1 
quirements, 
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TRANSFER FROM VERBAL-DISCRIMINATION TO 
PAIRED-ASSOCIATE LEARNING: II. EFFECTS 


OF I? 


TRALIST SIMILARITY, METHOD, 


AND PERCENTAGE OCCURRENCE 
OF RESPONSE MEMBERS? 


WILLIAM F. BATTIG axp Н. RAY BRACKETT 


University of Virginia 


In agreement with previous results, paired-associate (PA) performance 
was not significantly facilitated on pairs identical to those of a previous 
verbal-discrimination (VD) list, whereas poorer performance resulted 


if the VD and PA items were paired differently 
These transfer 


items excluded from the VD list. 


compared with PA 
ects were unaffected 


by intralist similarity or percentage occurrence of response members 
(ORM), but were largely eliminated under the recall method of PA 


learning. 


Contrary to previous findings, 


overall recall-method PA 


performance was only insignificantly superior to that under the stand- 


ard anticipation method. 


Moreover, a contrasting distinct superiority 


of the anticipation method was found under conditions of 50% ORM, 
especially for medium intralist similarity. 


In a previous study, prior verbal- 
discrimination (VD) learning did not 
acilitate subsequent paired-associate 
(PA) learning, even when exactly the 
Same pairs occurred in both the VD 
and PA lists (Battig, Williams, & 
Villiams, 1962). This study also 
Showed significant interference. with 
ЎА performance if items were paired 
differently in the VD and РА lists. 
n addition, the present authors have 
reported PA learning of pairs of 
Nonsense shapes and two-digit num- 
"ers under the standard anticipation 
Method to be significantly inferior to 
a recall method, wherein each trial 
egins with the presentation of the 
entire list of pairs for learning followed 
in a different order) by the entire set 
f stimulus (S) terms alone for a 
Tecall test (Battig & Brackett, 1961). 
for, The research reported herein was per- 

med pursuant to a contract with the 

Nited States Office of Education, Depart- 
pent of Health, Education, and Welfare. 
Teparation of the manuscript was supported 
МЧ from Grant M-5769 from the 
‘tional Institute of Mental Health, United 
ates Public Health Service. 


Intralist similarity conditions were 
suggested as a possible determinant 
of both of these largely unexpected 
findings. Specifically, the absence of 
positive transfer from VD to PA learn- 
ing may have resulted from the use of 
CVCs of low similarity (Battig et al., 
1962). Likewise, the level of simi- 
larity (or other factors) inherent in 
the shape-number pairs may account 
for the superiority of the recall over 
the anticipation method (Battig & 
Brackett, 1961; see also Lockhead 
1962). An alternative explanation 
for the latter finding mav reside in the 
fact that, within each recall-method 
trial, presentation of the entire list of 
pairs for learning precedes and is 
completely separated temporally from 
the subsequent presentation of S 
terms alone for performance measure- 
ment. The temporal confounding of 
these learning and performance-meas- 
urement functions which characterizes 
the anticipation method may there- 
fore be sufficient to override the 
presumed advantages therein of im. 
mediate knowledge of results produced 
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by the presentation of each S-R pair 


following its S term (Battig & 
Brackett, 1961, pp. 63-64). If so, 
partial (50%) rather than 100% 
occurrence of response members 


(ORM) on each trial should eliminate 
this separation of functions under the 
recall method and reduce or eliminate 
its superiority to the anticipation 
method. Since 50% ORM conditions 
should also increase the relative 
importance of S term learning, to 
which VD learning has been indicated 
to be more closely related than to 
R term learning (Battig et al., 1962), 
more transfer from VD learning 
might be expected to PA learning 
under 50% than 100% ORM condi. 
tions. Consequently, the present 
study was designed to investigate 
possible differential effects of intralist 
similarity and %ORM on transfer 
from prior VD learning to PA learning 
under recall and anticipation methods, 


METHOD 


Subjects.—The 144 Ss were all summer 
session students or affiliates of the University 
of Virginia who were assigned to the various 
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experimental conditions on the basis of a 
predetermined unsystematic sequence (based 
on order of appearance in the laboratory) 
which provided that the number of .55 in each 
condition remained equal at all stages of the 
experiment. An additional 6 Ss were elim- 
inated, on the basis either of failure to follow 
instructions or refusal to continue with the 
experiment, and were replaced by the next 5 
to be run. 

Procedure.—Each 5 first learned a verbal- 
discrimination (VD) list (i.e., to pronounce 
the arbitrarily selected "right" syllable of 
each of 12 CVC pairs presented under self- 
paced conditions in unsystematically varying 
serial and spatial order from trial to trial), 
following the identical procedure described in 
detail previously (Battig et al., 1962, p. 259). 
Immediately after the first errorless VD trial, 
each of the 24 CVCs was presented indi- 
vidually in àn unsystematic order, while $ 
attempted to recall the CVC previously 
paired with it in the VD list. This VD recall 
test was designed as a check on the degree 
to which intrapair associations had been 
learned during the VD task. To minimize the 
possibility of additiona] learning of intrapair 
associations during VD recall, $ was given 
no information as to the correctness of his 
responses, 

Each S was then taken to another part of 
the experimental room, previously blocke 
from his view, and seated in front of a projec- 
tion screen. The 16-mm. film containing the 
appropriate PA list in four different seria 


TABLE 1 
PA AND SAMPLE VD LIST ror EACH SIMILARITY CONDITION 
VD List PA List 
High Sim | MedSim | Lowsim | High Sim Med Sim | Low Sim TER. | макса 
R Wa R w к w S Rb S R S R 
MER-LIB GAR-TIF HAK-DEX | MER-LIB GAR-TIF HAK. B ii 
-DE 
MIR-FAL | KIP-FEB |LEV-SIM | MIR-FAL KIP-FEB LEV-SIM Det Pun 
RAF-KUM | TER-CAV | HUP-COL | KUM-RAF CAV-TER | COL-HUp Disc(R) 09 
LOR-KUS | LOR-KUS |LOR-KUS | KUs.LOR KUS-LOR | KUS-LOR Disc(R) г 
MUS-mos | MUC-mov | MUC-buk | mus-BiR MUC-REN | MUC-GAT Fam(S-R) 11.01 
pir-ber | REN-fak |GaT-gul | smw-rrn VEG-LOK | zom.jis Fam(O) 12.17 
rul-sIM Eer-VEG | zow-zor | KUR-FOB CIR-GAT | FET-WUN Fam(S) 11.81 
feb-FER pok-LoK | pax-JAs MIK-RAB | GIM-NEK JIB-Koy Fam(R) 12.09 
KUR-mur | CIR-cis FET-yeh RES-BOL РЕК-СІВ | Nox. qi New 
rüf:roB tor-GAT Vin-WUN | SEM-RIF SEP-KAL | VAG-PUD New 2.34 
muk-MIK | gol-GIM тесин SIRLAR VAS-NOG | YAW-FEB New E 
RAB-rok NEK-nub | KoY-dop | rEM-pir REM-BIF | REM-BIF New 


= right; W = wrong. 
is = stimulus; R = response, 
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orders was presented by a Dunning animatic 
Strip-film projector. Learning was to a 
Criterion of 2 successive errorless trials or a 
maximum of 24 trials. 

As illustrated in Table 1, the 12 PA pairsfor 
all Ss included four pairs representing each 
of three basic types of relationships to the 
Pairings of the VD task. The discriminated 
(Disc) pairs, identical in the two li in- 
cluded two for which the S term w right” 
and the R term "wrong" on the VD task, 
designated as Disc(S) pairs, whereas for the 
two Disc(R) pairs the S term had been wrong 
and the R term right. The four familiarized 
(Fam) pairs were constituted from CVCs 
which had been paired in the VD list with 
other CVCs not appearing in the PA list 
(designated in lower case letters in Table 1). 
The Fam pairs were subdivided so as to 
represent all possible combinations of number 
and position of right and wrong VD syllables, 
designated as Fam(S-R), Fam(S), Fam(R), 
апа Fam(O) pairs (the symbols in paren- 
theses designating right VD syllables). The 
Temaining four PA pairs were New pairs 
Composed of syllables not appearing in the 

list. 

Groups.—Twelve equal sized groups repre- 
Sented all possible combinations of three 
Conditions of intralist similarity, two methods 

recall and anticipation), and two %ORM 
Conditions (100% and 50%) as described 
More fully below. . И 

Intralist similarity.—AM Ss in the high 
similarity (High Sim) groups learned the 
Same PA list consisting of S terms constructed 

Tom four consonants (KMRS) and three 
Vowels (gru), with R terms likewise com- 
Prised of four consonants (BFRL) with the 
Vowels A, r, and o (except for one E). The 
Single PA list for all medium similarity (Med 
im) groups was composed of S terms 
representing eight consonants (CGKMPRSV) 
and four vowels (Авто), and of R terms also 
Consisting of eight consonants (BFGKLNRT) 
and four vowels (arro). The low similarity 

Ow Sim) list used all consonants (except Q) 
and all vowels with approximately equal 
Tequency, but no consonant was replicated 
35 the first or last letter within either the set 

ог R terms. Syllables of all three lists, 
Which are presented in Table 1, were of 75- 
© Archer (1960) association value, and 
Were paired so as to minimize pre-existing 
Intrapair associations and to avoid repetition 
àny letter within a given pair. Partial 
Overlap among the letters composing the S 
“nd R term subsets was approximately com- 
Parable between the three lists. Of the eight 
ditional CVCs appearing in the VD list 
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but not in the РА task, four had the same 
letter composition as the S terms and four 
corresponded to the R terms of the PA list 
within each similarity condition. 

Recall-anticipation method.—Under the re- 
call method of PA learning, each trial began 
with the successive presentation of the 12 
S-R pairs for 2 sec. each. This was followed 
immediately by the presentation of the 12 
S terms alone in a different order, also for 2 
sec. each, while S attempted to pronounce 
the correct associated R term (but was 
not told whether or not he was correct). 
Under the anticipation method, corresponding 
closely to that of the previous study (Battig 
et al., 1962), cach S term was presented first 
for 2 sec. and was followed immediately by 
its S-R pair for an additional 2 sec. However, 
the first anticipation-method trial was pre- 
ceded by the presentation of the entire list of 
S-R pairs for 2 sec. each, exactly as in the 
first half of each recall-method trial, in order 
to make the two methods directly com- 
parable in terms of events preceding measure- 
ment of first-trial performance (Battig & 
Brackett, 1961). A 1-min. interval followed 
this initial pair-presentation series for both 
methods, to allow E to change the strip film 
under the anticipation method, and an 8-sec. 
intertrial interval was used thereafter. 

Percentage occurrence of response members 
(%ORM).—In addition to the usual 100% 
ORM procedure whereby each S.R pair is 
presented on each trial, a partial (50%) ORM 
procedure was employed, in which half of the 
R terms were omitted from the normal S-R 
pair presentation during each trial, Under 
these 50% ORM conditions, a prearranged 
sequence assured that each R term occurred 
only once in each pair of trials, without being 
repeated or omitted on more than two 
successive trials. However, all S-R pairs 
were presented on the first recall-method trial 
and in the initial pair-presentation Series 
preceding the first anticipation-method trial. 
To make performance measures comparable 
to the 100% ORM condition, responses given 
during what normally would have been S-R 
pair presentations with R terms omitted were 
not counted for the 50% ORM groups. 

All Ss in all groups under a given similarity 
condition learned exactly the same PA list 
However, 12 different 4 


VD lists were use 

the 12 Ss in each group, so that each 3 = 
12 PA pairs represented equally often the 
Disc, Fam, and New Subsets, as well as the 
various S-R right-wrong combinations within 
the Disc and Fam subsets. А sample one of 
these 12 VD lists for each sin 


£ hilarity conditi 
has been included in Table 1. 7 бот 
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RESULTS 


Table 2 presents mean total correct 
responses per PA pair, on Disc, Fam, 
and New subsets and on the three 
subsets combined, for each of the 12 
groups as well as for each of the three 
between-group variables and com- 
binations thereof. As in the previous 
study (Battig et al., 1962), separate 
tabulations and analyses were per- 
formed on number of errors (trials) 
preceding the first correct response to 
each pair, and on percentage of trials 
after the first correct response on 
which errors were made. Since these 


TABLE 2 


MEAN Correct RESPONSES PER Pair 
FOR GROUPS AND CONDITIONS 


т Similarity Condition 
Method—ORM | M*|—— ______ 
Condition Bate | xs 
e High| 2 “|, 
Sim Total 
Disc 13.97 
Recall—100% Fam 14.49 
New 13.91 
Total 14.12 
Disc | 10.70 
Recall—50% Fam 0:69 
New 10.92 
Total 10.44 
Dis 
Recall—Total Fam 12:00 
12.09 
New 2 
12.41 
Total 12.28 
Disc 3 
Anticipation—100% | Fam | 7; n3 
New | 8. 12:69 
Total| 8.75 12.71 
А Disc | 6.73 12.35 
Anticipation—50% | Fam | 6.77 11.15 
New | 7.35 11.84 
Total| 6.95 11.78 
— Tue 8.45 
icipation—Total | Fam | 7.17 
Anticipa New | 7:94 
Total| 7.85 
Tus 8.46 
100 Fam | 8.21 
Total—100% New | 7.79 
Total) 8.15 
7.88 
Total—50% 1205 
7.75 
8.17 х 12. 
7.90 -73 б 
Total—Total 7:79 13:05 [16:20 | 12.34 
7.95 |12.97 |15.87 12.26 
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before- and aftererrors measures both 
revealed essentially the same picture 
as the correct-responses measure, al- 
though usually at lesser levels of 
statistical significance, the means have 
not been presented and will be dis- 
cussed only where they showed sub- 
stantially different effects as compared 
with the correct-responses measure. 

Group differences.—Table 2 indi- 
cates a sizeable overall decrease in PA 
correct responses with increasing in- 
tralist similarity, shown by analysis 
of variance to be highly significant, 
F (2, 132) = 48.03, p <.001. The 
overall inferiority of 50% to 100% 
ORM performance was likewise highly 
significant, F (1, 132) 212.02, p <.005, 
but the slight and inconsistent superi- 
ority of the recall over the anticipation 
method fell far short of significance 
(F < 1); However, a significant 
Methods X ORM interaction, 
F (1, 132) = 4.24, p < .05, suggests 
the recall method to be superior under 
100% ORM conditions, whereas an- 
ticipation-method performance was 
better for the 50% ORM groups. 
This latter interaction may reflect, at 
least in part, the depressed perform- 
ance of a single group (Med Sim- 
recall-50%-ORM) which led further 
to a significant third-order Similarity 
X Methods X YORM interaction 
F (2, 132) = 6.18, p < 005. Neither 
the interaction between similarity an 
methods (F < 1) or similarity an 
ORM, F (2, 132) = 2.37, p = 10, 
proved to be significant. 

Disc- Fam- New comparisons. — AS 
shown in Table 2, overall PA perform- 
ance was only slightly better on Disc 
than on New pairs, and poorest On 
Fam Pairs, in substantial agreement 
with previous results (Battig et al., 
1962). nalysis of variance reveale 
the overall Disc-Fam-New difference 
to be significant, F (2, 1479) = 4.26, 


$ < 025, Primarily due to the superi- 
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ority of Disc over Fam pairs (F 
= 8.34, p < .01), whereas the differ- 
ence in favor of New over Fam pairs 
fell short of significance (F = 3.27, 
Ъ < 10) as did that for Disc over New 
pairs (F = 1.17). Although consider- 
able discrepancies are evident in 
Table 2 with respect to relative Disc- 
Fam-New performance within the 
various groups, none of the Group X 
Disc-Fam-New interactions achieved 
Statistical significance, and only the 
Disc-Fam-New X Methods interac- 
tion even approached the .10 level, 
F(2, 1479) = 2.25. However, the 
Disc-Fam-New difference was highly 
Significant for anticipation-method 
groups analyzed separately (F = 6.47, 
b «.01) but virtually absent for 
recall-method groups (F <1). It 
thus appears that differential transfer 
effects from the various types of VD 
Pairings may be evident only in РА 
Performance under anticipation- 
Method conditions. ‘The only other 
indication that relative Disc-Fam- 
New performance differed under the 
Various conditions of the present study 
Was provided by a significant Disc- 
Fam-New x Methods X %ORM 
interaction emerging from the before- 
errors analysis, F (2, 1479) = 4.30, 
b < 025. ‘This interaction reflects 
Primarily the greater number of 
efore-errors on Fam pairs, аз com- 
Pared with Disc and New pairs, under 
Anticipation-100%-ORM and recall- 
0%-ORM conditions, as contrasted 
With the virtual equivalence of the 
three subsets both for anticipation- 
509% ORM and recall-100%-ORM 
Sroups, 

VD right-wrong comparisons.—In 
COntrast with previous findings of 
etter PA performance on Disc (S) 
Pairs (where the S term was right and 

he R term wrong on the VD task) as 
©OMmpared with Disc (К) pairs (Battig 
aL, 1962), a sizable but non- 
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significant overall difference emerged 
in favor of Disc(R) over Disc(S) 
pairs under the present conditions, 
F (1, 1479) = 3.26, p < .10. How- 
ever, in agreement with previous 
results, no evidence was found of 
systematic or consistent differences as 
a function of either number or position 
of right and wrong VD syllables in 
Fam pairs (F — 1.40). Since none of 
these comparisons showed any sys- 
tematic differences for the various 
groups, the largest of the group inter- 
actions falling well short of the .10 
level of significance, only the total 
means have been presented in the last 
column of Table 1. 

VD recall test.—As in the previous 
study, comparisons were made be- 
tween PA performance on Disc and 
Fam pairs which did and did not 
include items to which correct associa- 
tions had been made on the recall test 
immediately following VD learning, 
designated, respectively, as associated 
and zonassociated pairs (these intra-S 
comparisons necessarily excluded 
those Ss for whom all pairs of a given 
subset were either associated or non- 
associated). ‘The previous findings of 
significantly better performance on 
associated as compared with non- 
associated pairs were replicated here 
only for the Disc pairs representing 
the Low Sim lists, F (1, 34) = 5.16, 
p < .05, but not for either the Med 
Sim or High Sim conditions (both 
Fs < 1). Although there was a very 
slight overall numerical superiority in 
performance on associated over non- 
associated Fam pairs, this difference 
fell far short of significance for all 
similarity conditions (all Fs < 1). In 
agreement with the previous study, 
individual VD recall performance was 
significantly correlated with overall 
PA performance (r — .311), a rela- 
tionship which was reduced somewhat 


(r = .233) when the even closer 
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group-level relationship between the 
two measures (r — .561) was partialed 
out. However, of the between- zroup 
variables, only similarity was signifi- 
cantly related to VD recall perform- 
ance, F (2, 132) = 3.36, p < -05, due 
to substantially higher VD recall 
scores on Low Sim lists as compared 
with Med Sim and High Sim lists, 
which proved to be virtually equiva- 
lent in this respect. 

VD performance.—As in 
ous study, both errors (r 
and trials (r = — -312) to VD cri- 
terion were moderately correlated 
with correct PA responses. However, 
despite the substantial differences in 
similarity of VD lists for the three 
conditions of intralist similarity, dif- 
ferences of borderline significance in 
VD performance were obtained only 
for the linear component of similarity 
for the VD errors measure, F (1, 132) 
= 4.00, р < .05. Groups differing 
in method and %ORM were well 
matched in terms of VD performance 
(all Fs < 1). Performance on the VD 
recall test was found not to be related 
either to VD errors (r — -08) or trials 


(r = .07) confirming the results of the 
previous study, 


the previ- 
=— .300) 


Discussion 


The overall differences in PA perform- 
ance on Disc, Fam, and New pairs ob- 
tained herein are strikingly similar to 
those reported préviously (Battig et al., 
1962), thereby significantly extending 
tire generali ty/or findings of по positive 
transfer from identical pairings on VD 
and PA lists, and of negative transfer 
for Fam pairs, where the VD and PA 
pairings differ. Only the slight in- 
feriority of New- to ,Fam-pair per- 
formance for the High Sim groups offers 
even suggestive support for the initial 
speculation that increasing positive trans- 
fer from VD to PA learning would result 
at higher levels of intralist similarity, and 
the overall Disc-Fam-New x Similarity 
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interaction fell far short of significance. 
Transfer for Disc and Fam pairs was 
likewise unaffected by the %ORM vari- 
able, but appeared to have been sub- 
stantially reduced or eliminated under 
the recall as compared with the anticipa- 
tion method, even though the Disc-Fam- 
New X Methods interaction failed to 
reach statistical significance. | While 
there were some inconsistencies among 
the various groups as to the direction and 
magnitude of Disc-Fam-New differences, 
these were neither systematic nor sta- 
tistically significant, and therefore can- 
not legitimately be regarded as anything 
other than sampling errors within the 
various individual groups. " 

There are, however, two major dis- 
crepancies between the present and 
Previous results concerning VD-PA trans- 
fer. One of these js the present finding 
of near significant superiority of ge 
formance on Disc(R) as compared with 
Disc(S) pairs, Since the opposite superi- 
ority of Disc(S) pairs had proved to be 
Significant in only one of the previous 
two experiments (Battig et al., 1962), 
and in neither case was there any effect 
of number or position of right and wrong 
VD syllables of Fam pairs, it would now 
appear that this variable has little if any 
Consistent effect on PA performance. 
Coupled with the failure to find greater 
positive transfer effects under those con- 
ditions (recall method and 50% ORM) 
previously hypothesized to increase rela- 
tive amount of S term learning, these 
results offer little support for the 
Previous conclusion that the learning 
Processes involved in VD learning are 
most closely related to S term learning 
in the PA task, 

Secondly, PA performance in ilie 
present study Was not better on associ- 
ated Fam pairs (those containing СУС 
Which had been Correctly associated оп 
the VD recall test) than on nonassociate’ 

ey pairs, ав had peen, the: case prev 
ously. Moreover, although the previ- 
ously obtained Significant superiority O 


Я г 
Performance on associated ove 
nonassociated Disc pairs was replicated 
under the 


Present Low Sim conditions, 
Corresponding diflerences were not foun 


TRANSFER FROM DISCRIMINATION TO PA LEARNING 


for the Med Sim and High Sim groups. 
In interpreting these results in the 
previous study, it was suggested that the 
facilitation observed on associated Fam 
pairs was due to greater response learning 
or availability of their component syl- 
lables as compared with those of non- 
associated pairs (Battig et al., 1962, 
P. 266). In line with this interpretation, 
the higher (75-85%) Archer (1960) 
association values of the present CVCs, 
as compared with the 34-37% association 
value CVCs employed in the previous 
Study, may have reduced response learn- 
ing sufficiently to eliminate the difference 
favoring associated over nonassociated 
Fam pairs in the present study. Never- 
theless, since PA performance was not 
inferior on associated to nonassociated 
Fam pairs, the previous conclusion still 
holds that the interference with PA 
Performance on Fam pairs cannot be 
explained in terms of the establishment 
of incorrect interfering VD associations 
as measured by the VD recall test. 
The present results offer considerably 
less support for the generality of the 
Previous finding of better PA perform- 
ance under the recall as compared with 
the anticipation method (Battig & 
Brackett, 1961), although there is no 
evidence to support the hypothesis that 
this difference decreases systematically 
With decreasing intralist similarity. 
However, the significant Methods X 
ООК М interaction, indicating that the 
Overall superiority of recall over anticipa- 
tion groups under 100% ORM was 
Teversed under 50% ORM conditions, is 
Consistent with an explanation of the 
Previously obtained superiority of the 
Tecall method in terms of its complete 
temporal separation of presentation of 
-R pairs for learning and of S terms 
alone for recall Under 50% ORM 
Tecall.method conditions, this sharp sep- 
aration of learning and performance- 
Measurement functions is necessarily 
Teduced, thereby introducing a mixed 
Séquence of S term and S-R pair pres- 
fhtations more closely comparable with 
at characterizing the anticipation 
Method with either 100% ог 50% ORM. 
fvertheless, as shown by the even 


513 


larger third-order interaction of methods 
and %ORM with similarity, the in- 
feriority of recall-method performance 
under 50% ORM reflects primarily the 
markedly depressed performance of 
a single (Med Sim-recall-50%-ORM) 
group. While the performance of this 
deviant group on both the VD task and 
VD recall test was not out of line with 
the other groups, neither of these 
measures was sufficiently correlated with 
PA performance to argue convincingly 
against the possibility of accounting for 
the overall Methods X ОКМ inter- 
action in terms of a chance difference 
between the Med Sim-recall-50%-ORM 
group and the other groups in level of 
learning ability. 

In any event, even if the obtained 
general superiority of other recall- over 
anticipation-method groups is to be 
accepted on grounds of a sampling error, 
the magnitude of the differences remains 
far below that observed previously with 
the shape-number pairs (Battig & Brack- 
ett, 1961). This result, along with Lock- 
head's (1962) finding of no significant 
anticipation-recall method difference 
with CVC materials, points to kind of 
material as a likely important determi- 
nant of relative performance under the 
two methods. In this connection, how- 
ever, it should be noted that two recently 
completed studies in this laboratory have 
shown recall-method performance on low 
similarity CVC lists to be significantly 
and consistently superior to the anticipa- 
tion method (a) over a wide range of 
conditions of S and R term meaningful- 
ness; (b) under both constant and varied 
serial orders; and (c) for bidirectional 
(both S-R and R-S associations) as well 
as unidirectional learning conditions. 


Although the present sizable differ- 
ences in PA learning between similarity 
conditions are entirely consistent with 
previous results (e.g., Underwood, 1953) 
the failure to find clear-cut differences 
due to similarity on the VD task is not 
(Underwood & Archer, 1955), which 
may reflect the insensitivity of available 
VD performance measures under the 
present self-paced conditions. 


Th is 
all inferiority of 5095 ORT 


to 100% ORM 


514 


conditions also substantiates previous 
results (Goss, Morgan, & Golin, 1959; 
Goss, Nodine, Gregory, Taub, & Ken- 
nedy, 1962; Schulz & Runquist, 1960; 
Wilcoxon, Wilson, & Wise, 1961), but 
the direction of the present nonsignificant 
HORM X Similarity interaction, in- 
dicating greater differences between 
10075 and 5095 ORM for low than for 
high similarity lists, is directly opposed 
to the significant interactions for both S 
and R term similarity reported by Goss 
et al. (1962). This discrepancy may 
reflect the longer lists and lower learning 
criterion employed herein, or any of 
several procedural differences between 
the two studies. In addition, the present 
finding of an insignificantly greater 
percentage of errors after the first correct 
response under 50% ORM conditions 
more closely agrees with Wilcoxon et al. 
(1961), than with Schulz and Runquist 
(1960) who had reported fewer such 50% 
ORM errors. 
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INTERPOLATED ACTIVITY AND THE LEARNING 
OF A SIMPLE SKILL? 
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2 experiments compared the effects of interpolated activity (Ry) on the 
acquisition of a simple arc-drawing response (R4). The sequence of 


events was К-К, Rp, R;-KR, Ry, etc. 


or 1 group of Experiment 1, 


Ry was identical to Ra, for 3 groups Ry was quantitatively similar, and 


for a final group Ry w 


s opposite in direction. In Experiment Il a rest- 


control group was used to evaluate the direction (sign) of transfer. 
The results indicated that the learning of Ra was not differentially 
affected by the similarity of Rẹ. The interpolated activity was also 
found to have no negative or positive transfer effects on the acquisition 
of Ra. The findings were related to several other null-producing 
procedures and their relevance to the Osgood Surface was discussed. 


The evidence for interference in the 
learning of motor skills has never 
been strong. One example is that of 
Lewis and his 15 yr. of research using 
the OL-IL-RL paradigm. Another 
example is the OL-RL : paradigm 
Which has also produced little or no 
forgetting (Bilodeau & Bilodeau, 
1961). The present experiment will 
Only reassert the difficulties of pro- 
ducing experimental interference 
through retroaction. А 

Negative transfer effects have not 
been found in studies of the learning 
Of relatively simple, discrete motor 
responses (Bilodeau & Bilodeau, 1958; 
Larré, 1961). After S made a 
Tesponse, various response — 
Were interpolated before or after КІ 
(knowledge of results) in attempts to 
modify the learning of subsequent 
responses. The learning of a simple 
Positioning response was not affected. 
The interpolated response, however, 
Was somewhat different from the re- 
Sponse which E required S to learn. 
That is, it was usually of the wrong 
amplitude, duration, or effort. 

In view of these findings and those 
of others (Annett, 1959; Bilodeau, 

! Thi: < was partially supported by a 
РЫ, а Science Foundation to 
idward A. Bilodeau, Principal Investigator. 


Bilodeau, & Schumsky, 1959; Bilo- 
deau & Ryan, 1960), the present 
experiment was designed with the 
possibility in mind that the results 
might be null. Nevertheless, it was 
believed that the procedures to be 
used would maximize the chances of 
producing nonnull results—if such 
procedures exist. 

A relatively rare procedure in motor 
skills would be to control the type and 
amount of response which is to be 
interpolated. ln previous studies, 
the interpolated response was left to 
S, and this procedure resulted in 
responses which closely resembled the 
one which followed the last KR. A 
study is now required where the 
response is regulated by E. This is 
suggestive of the Osgood Surface 
(1949) which long ago indicated that 
variation of interpolated responses 
would produce particular transfer 
effects. Control over responses is not 
easily achieved, but in the procedure 
below the interpolated responses were 
satisfactorily scaled and varied from 
group to group. 


EXPERIMENT I 
Method. 


Subjects—The Ss were 195 naive basic 


airmen trainees from Keesler Air Force Base 


515 


516 


T 
s nb 


&— — — Spindle 


Plastic Disc 


Dota Sheet 
Wood Base 


Feedback Scale 


Start - Stop 
Indicator 


Pencil Hole 


Tab 


Fic. 1. A schematic representation of Arc 
Drawer A: A line-drawing device. 


divided unsystematicall 
Fifteen Ss were voided because of failure to 


—48, —47...0...-21, +22, and was 
devised to give both magnitude and direction 
Actually, the effect of 
dialing was to move a red line across the feed- 
back scale. To assure that each $ received 
KR, he was required to record his own error 
on the data sheet. Р 

The drawing of a 16-in. line produced a 
terminal feedback error of zero, In order to 
accomplish this, S had to learn to turn 
through an arc of 255°. This 255° response, 

? The cooperation of the Commander and 


of Marvin Karp of Keesler Air Force Posh h 


are gratefully acknowledged. 
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called Ra, was followed by KR, and со 
stitutes an ККК trial. Between Ra- KR 
trials all Ss were required to make an үс” 
polated response, called Ry, by turning ans 
a mark indicating stop appeared in a window. 
As a consequence, 5 made no error on Rb 
trials and no KR was administered. б f 
Procedure.—Al Ss were given 13 trials Qe 
RKR alternating with 12 interpolated trials 
of Ry, making the sequence of events КК Ray 
Rb, Ra-KRa, etc. The starting position was 
varied from trial to trial to prevent S ий 
learning to £o to a particular place instead о 
learning to dial through an arc of 255°. TE 
Five groups were used and they differe 
only in the magnitude and direction of Rv. 
The groups are represented schematically 22 
Fig. 2. Four groups turned in the conne 
clockwise direction through arcs of 255° 0 
235° ог 205° or 1659, ‘The fifth grene 
responded with an arc of 255° in the clockwise 
direction and this turn was designated as an 
Opposite response, For the four other groups 
turning in the counterclockwise direi 
there was one group with Ry identical to i 
and three groups with R, quantitatively 
similar to Ri: ith 
The Ss were run in groups of 15 to 20 phos 
an assistant E for each set of 5 Ss. 1 Hs 
assistant Es aided in the changing of Ча 
sheets. The к explained the task anc 
demonstrated the standard speed and d 
tion of movement, Following the demonstr 
tion, the Ss Were required to execute a pee 
response and any difficulties and mister. 
pretations were Corrected. No S was 11 
structed about the magnitude of Ry or Ra 


STARTING POSITION 


" е 
Schematic representation of th 


Fie, 2. А 


experimenta] groups, 
Shown, with R» of 255° 


Wise direction.) 


(A final group, cee 
turned in the cloc! 
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TABLE 1 
MEAN ABSOLUTE ERROR AND VARIANCE OF RESPONSE IN DEGREES 
AS A FUNCTION OF FEEDBACK TRIALS 
1 Ra-KR Trials 
T" 1 2 3 4 5 6 7 8 
255° сс | Men EE | qe | ot | oss | 138 | 83 | 52 | 170 
sc | Men | Ж | sit a5 | 76 | 83 | os | 59 | 40 
205° cc y ER ER 6 25 223 116 E RS 137 
Kets | Ме“ 50 oft | ods | aaa | i99 | aD | ats | з 
255° c Mean | Б |||] | | % 


Note,—cc = counterclockwise; c = clockwise. 


Results 


Mean absolute errors and variances 
for the early R,-KR trials are pre- 
Sented in Table 1. Both measures 
indicate that learning occurred rap- 
idly. The only significant finding 
from a Groups X Trials analysis of 
variance was the Trials main effect. 
Also, an examination of algebraic 
error revealed no consistent difference 
between groups. Р : 

The results mean that various inter- 
polated responses have no differential 
effect on the acquisition of the dialing 
response. The results do not show 
the direction of influence of the various 
interpolated Ri’s. It is possible that 
all five interpolations produced the 
Same amount of interference, or the 
Same amount of facilitation, or no 
effect at all. . 

A second experiment was designed 
to determine the direction of influence 
of Ry. To this end, a comparison was 
made between a control group which 
Made no R» at all, and an experi- 
mental group which was required to 
make Ry. 


EXPERIMENT ll 
Method 


Subjects and apparatus.—A total of 60 men 
and 20 women Tulane undergraduates were 
unsystematically divided into two groups 
Six Ss were voided for failure to follow in- 
structions, and 1 S was voided for failure tc 
learn the task. There remained a total of 37 
Ss in the control group and 36 Ss in the 


140, 


120 


0—0 Control 
9——9 Бъ = 255° cc 


100 


80 


60 


40 


Mean Absolute Error for Ra (in deg.) 


20 


Trials 


Fic. 3. Learning curves for groups wit 
and without an interpolated response identic 
to the one to be learned. 
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TABLE 2 


VARIANCE OF RESPONSE IN DEGREES AS A 
FUNCTION OF FEEDBACK TRIALS 


Group 
Ra-KR Trials 
Control Experimental 
1 899 | 678 
2 473 563 
3 308 125 
4 269 94 
5 96 136 
6 75 85 
7 74 74 
8 82 44 
experimental group. Approximately one- 


fourth of each group was composed of women, 

Procedure.—The details are the same as 
for Exp. I except that the trials were reduced 
tolSinnumber. For the experimental group, 
R» was a guided counterclockwise response 
through an arc of 2555/8 response identical to 
the Ra S was required to learn. The control 
group made no response instead of R». Dur- 
ing the rest, the Ss were required to sit 
quietly at their places, 


Results 


The results for Ra trials are shown 
in Fig. 3 and Table 2. Mean absolute 
error decreases rapidly for both groups 
with the greatest reduction in error 
occurring during the first few 
Despite the discernible Superiority of 
the experimental group between Trials 
2 and 5, the difference between Trials 
1 to 8 is not significant, Again, the 
main effect for Trials was the only 
significant finding. As in Exp, I the 
acquisition function was negatively 
accelerated and decreasing and the 
form of the curve was completely 
determined by the Ry-KR trials, 


Discussion 


Experiments I and I Show that the 
uisition of the dialing Tesponse was 
d flected by the addition of R, re- 
m ds whatever their length. Two 
omes where the interpolation of 
о. either before or after KR did 
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not affect learning, were cited earlier. 
It had been concluded that absolute 
frequency of KR trials mattered, not 
relative frequency. In both experiments, 
however, the interpolated responses re- 
sembled the training responses and were 
in no way Systematically controlled. 

There is some evidence that inter- 
polated responses are. effective when 
subject to KR. In an experiment by 
I. McD. Bilodeau (1956), where a trials- 
delay technique was used, similar re- 
sponses and KRs interpolated between 
Ra and KR, did retard acquisition. She 
found a negative relationship between 
performance and increasing number of 
trials-delay, This could supply an 
explanation for the null data in the 
present experiment, Possibly, for an 
interpolated response to be effective, an 
Ra KRa, Ry, КЕ, event sequence should 
be scrambled and/or displaced. 

The present experiments bear on the 
response dimension of the Osgood Sur- 
face (1949), According to Osgood's 
empirical law for response variation: 
"where stimuli аге functionally identical 
and responses are varied, negative trans- 
fer and retroactive interference are 
obtained, the Magnitude of both de- 
creasing as Similarity between the re- 
Sponses increases," [п Exp. I, where the 
groups differed only in respect to the 
similarity of the interpolated response to 
the goal response, there was no evidence 
for these effects. The empirical law also 
Suggests that similar responses should 
i ing, with the greatest amount of 
facilitation occurring when an identical 
response is used. The outcome of Exp. 

does not SuPPort this prediction either. 

A Particularly interesting comparison 


with the Osgood Surface involves the 
group making an 


response, 


нк Following the law for response 
Variation, 


one would predict negative 
iS group showed no 
transfer. А com- 
label “opposite 


this label because it 


magnitude oal response, but in 


ion. We do not know 
tion implies opposite- 


INT 


ness in all respects. Possibly there is no 
group which is opposite to another in all 
Characteristics. 

Detailed examination of the Opposite 
group shows that the so-called opposite 
Tesponse was in many respects similar to 
or the same as the goal response and one 
can wonder why positive transfer was 
not found. For example, the Ss used the 
Same posture and component acts on all 
trials, Many similar cues and skills are 
Involved. in making both the counter- 
Clockwise and the clockwise response of 
255°. А similar conclusion was elab- 
Orated by Lewis, McAllister, and Bech- 
toldt (1953a, 1953b) in studies using a 
‘ype of complex coordinator. They 
Concluded from correlational analy 
that the same skill was learned in original 
"arning and interpolated learning. The 
Conclusion held true even when a 
reversed task was used in interpolated 
Carning. Data such as these have 
Created considerable doubt concerning 
the appropriateness of the label “op- 
posite,” If the label were changed to 
reversed direction,” the naming would 
Рё more appropriate, but of course the 
ding would remain the same, ie, no 
Negative transfer. 

Another possible interpretation of the 
"ull findings is that the amount of 
Positive or negative transfer obtained 
depends on t; difficulty. This would 
™ply that, even with identical stimuli, 
Ae manipulation of the response dimen- 
Son in conjunction with a simple skill 
Would produce small, but unreliable, 
“Пес, "Therefore, the failure to obtain 
reliable differences in the present experi- 
Ments could be due to the simplicity of 
lé task. As a technical matter, the 
Present task is relatively easy and so 18 
More favorable to a finding of negative 
transfer than to a finding of positive 
ransfer, " 
tion summary, this study eae. addi 

"al doubt on the possibilities o 


^s 
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producing retroactive interference in the 
learning of simple, discrete motor s 


REFERENCES 


AN r, J. Learning a pressure under con- 
ditions of immediate and delayed knowl- 
edge of results. Quart. J. exp. Psychol., 
1959, 11, 3-15. 

BiLopEAv, E. AX, & BiLopEav, 1. McD. 
Variable frequency of knowledge of results 
and the learning of a simple skill. J. exp. 
Psychol., 1958, 55, 379-383. 

Bitopeau, E. A, & BiLopEAv, 1. McD. 

Annu. Rev. Psy 


Motor-skills learning. 
1961 


12, 243-280. 


Biropeau, I. McD., & 
D. Some effects of intro- 

withdrawing knowledge of 
J. exp. 


and 


ducing 
results early and late in practice. 


Psychol., 1959, 58, 142-144. 

BiLopEAU, E. X, & Ryan, F. J. A test for 
interaction of delay of knowledge of results 
and two types of interpolated activity. 
J. exp. Psychol., 1960, 59, 414-419, 

Ви.орело, 1. McD. Accuracy of a simple 
positioning response with variation in the 
number of trials by which knowledge of 
results is delayed. mer. J. Psychol., 1956, 
69 

Larrt Interpolated activity before 
and after knowledge of results. Un- 
published doctoral dissertation, Tulane 
University, 1961. 

Levy, C. M. Learning of a motor task with 
action and learning feedback. Unpublished 
master's thesis, Tulane University, 1961, 

Lewis, D., McALLI 13. & Becu- 
rotpt, Н. P. Correlational analysis of the 
learning and relearning of four different 
tas on the Modified Mashburn Ap- 
paratus. J. Psychol., 1953, 36, 83-109. (a) 

Lewis, D., McALLI ‚ D. E, & BECH- 
тогот, H. P. Correlational study of per- 
formance during successive phases of 
practice on the standard and reversed tasks 
on the SAM Complex Coordinator, 
J. Psychol., 1953, 36, 111—126. (b) 

Оѕсоор, C. E. The similarity paradox in 
human learning: A resolution. Psychol. 
Rev., 1949, 56, 132-143. ` 


(Received July 20, 1962) 


Experimental Psychology 
105 о] 65, No. 5, 520-521 


SUPPLEMENTARY REPORTS 


NET APPROACH GRADIENT IN 


JAMES G. MARTIN, EVELINE M. LOEWE, ALLAN 


APPROACH-AVOI DANCE CONFLICT 


E. HINKLE, AND MARILYN L. FITZGERALD 


Chico State College 


This experiment tested the implic: 


16 albino rats, 
food deprived, 


by measuring strength of pull, 
order, half in NFFN order. 
significantly less than at the 


Mean 


A derivation from conflict theory not 
directly tested in published research is that, 
up to the point where the gradients intersect 
in approach-avoidance conflict, the net ap- 
proach tendency decreases as the goal is 
neared (Miller, 1959). The present study 
was designed to test this derivation with the 
strength-of-pull technique used by Brown 
(1948) to verify some of the assumptions 
upon which the theory is based. 

Method—The Ss were 20 male albino 
rats approximately 70 days old at the be- 
ginning of training. Sixteen Ss survived 


approxi- 
mately 160 cm. long, 15 cm wide, and 15 cm. 
high, painted black inside with a hinged 


Ten centimeters 


А gram Spring was mounted 


horizontally 
outside the start end of the 


alley. Ac 


a hole in the start end to a 
46 cm. (near 
goal end of the alley. A rat 
in a cloth harness then could be attached to 
the far or near loop by means of à safety pin, 
A slider made of copper wire was mounted on 
the face of the spring to register the maximum 
excursion of the spring indicator for any 
given trial. "e ч 
During 2 wk. of preliminary training 
Ss were handled and permitted to explore the 
alley daily. During training to approach, 
Ss were placed on an approximate 45-hr. food 
deprivation schedule. Each 5 ran six trials 
per training session to the food cup at the 


ation from conflict 
approach tendencies decrease nearer the goal in 
trained previously to run to 
were shocked near the goal box. 2 
tested for approach tendencies at points 


far point (p < .01), 


theory that net 
approach-avoidance. 
food in an alley while 45 hr. 
days later Ss were 
near (N) the goal 


far (F) and 


Each S pulled for 4 trials, half in FNNF 


Pull in grams at the near point was 


às predicted. 


goal end of the alley, where he fed for 5 sec. 
Оп wet mash made from Purina laboratory 
pellets. This training continued every 2 days 
for 10 wk. During the last 2 approach- 
training days, the rats who had not reache 
roughly asymptotic running times were given 
extra trials. All Ss were fed for an hour after 
each approach-training session. 

Avoidance training, under the usual 45-hr- 
deprivation schedule, was accomplished dur- 
ing Training Session 36. Each rat ran 
six trials to the grid, activated by 12 v. о 
ап inductorium, Where he was saepe. 
Approximately 3 sec. after touching the e 

€ was removed from the alley. Some 5s im 
vanced toward the goal regardless of Епос 
but попе were permitted to feed in the EC 
box. All Ss approached and encountered ne 
grid during each avoidance trial. The 5$ 
were fed for an hour after avoidance training. 

Testing was accomplished 45 hr. later, 
during Session 37. After being placed in 
a cloth harness which was then attached to 
the nylon fishline, each S ran four successive 
approach trials, two to the near point ар 
two to the far Point. Half the .Ss, selecte я 
randomly, гап in the near-far-far-near order; 
the other half Tan in the far-near-near-far 
order. The Ss from each order were teste 
alternately. Опсе § tan fn enough to 
activate the spring indicator he was allowe 
to pull for 5 sec. before being removed from 
the alley. Pull was recorded to a 

None of the strength-of-pu 
Was zero value; each S pulle 
i during each test trial. : 
Pulls for the far-near-near: 
far group were 82.5, 62.5, 63.8, and 87.5 gm» 
he near-far-far-near group; 
91.3, and 67,5 gm. The two near 
+ and two far pulls Were summed for each S an 


SUPPLEMENTARY REPORTS 


an analysis of variance was conducted. The 
main effects of counterbalancing condition 
and the interaction. with distance were in- 
significant. Distance effects were significant, 
F (1,14) = 11.89, p <.01. These observa- 
tions lend support to the deduction that com- 
bined approach and avoidance tendencies 
result in а net decreasing approach gradient 
within the range of conditions tested. 
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E CODING AND AMOUNT OF INFORMATION 
RMINANTS OF REACTION TIME! 


SIDNEY HELLYER 


Defence Research Medical Laboratories, Toronto, Canada 


Earlier investigators have shown reaction time and stimulus information 
to be linearly related with a slope dependent upon amount of pre- 
experimental practice. 5 housewives were run on 3 tasks varying in 
pre-experimental practice; light-naming, reading names from slides, and 


number-naming. 


Amount of information was varied from 1 to 3 bits. 


The results confirmed the linear relationship with the slope a decreasing 
function of pre-experimental practice. However, even after 5040 trials 
on the task with the least such practice, light-naming, differences in 
reaction time corresponding to differences in information amount had 
decreased but little, indicating that the information effect is stable, at 


least for relatively unusual tasks. 


Hyman (1953) demonstrated that, for 
Complexly coded  stimulus-response com- 
inations, reaction times show a linear in- 
Crease with an increase in the average amount 
Of information in the stimulus. Mowbray 
1960), using a simple number-naming task, 
found reaction time to be constant, and not 
dependent upon stimulus uncertainty. He 
Suggested that the apparent disagreement 
Could be accounted for on the basis of prior 
Practice, 

The present experiment reproduced the 
Conditions of both the preceding experiments 
With a single group of Ss. Furthermore, it 
Included a third task which would seem to be 

etween those of Hyman and Mowbray with 

Tespect to amount of prior learning. Also, 
€arning effects оп Hyman's more complex 
ask were studied directly. : | 

Method.—The Ss were 5 paid housewives. 

ree displays were used: (a) Hyman's (1953) 
Panel of eight lights, the names of the com- 

ations being those used. by Hyman, (b) a 
Urroughs “Nixie” numerical read-out tube 


! Def, arch Medical Laboratories Project 
ont 36, DRML керо No. 246-13, PCC No. D77-94- 
0-46, H, R. No. 236. 


as used by Mowbray (1960), and (c) a display 
using eight slides each of which showed one 
of Hyman's names. 

First, the number and slide displays were 
used with three amounts of information, 
ie, two, four, or eight equiprobable stimuli 
per set, or 1, 2, or 3 bits of information per 
stimulus presentation for a total of 6 sessions. 
Second, the more complex light-naming task 
was used with the same three amounts of 
information randomized over blocks of 3 
sessions for a total of 21 sessions. Finally, the 
slide and the light displays were used with the 
amount of information being varied by alter- 
ing both the number of possible stimuli and 
their conditional probability of occurrence, 
Four such relations were selected from those 
used by Hyman (1953), i.e., those for average 
information values of 0.72, 1.36, 1.79, and 
2.21 bits. This involved 8 sessions. 

To each SS a single condition was presented 
on any one day and the order of presentation 
of stimuli was randomized for each daily 
session. Reaction times were measured with 
a Hunter Model 120A Klockounter which 
started when the stimulus appeared and was 
stopped by a voice key when S spoke. There 
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were 240 reaction times measured during 
each 1-hr. session—30 with each of the eight 
ers or words. 

E" experimental procedure differed from 
Mowbray's in two ways. АП 5 Ss were run 
with every amount of information. Also, the 
Ss were presented all numbers from 1 to 8 
inclusive for all information conditions. For 
example, in the two-choice situations, a 1-hr, 
session consisted of four blocks of 60 trials 
each, with a different randomly-selected set 
of numbers for each block, 

Results —The group mean reaction times 
for each of the three display conditions are 
plotted in Fig. 1 as a function of amount 
of information per stimulus presentation. 
Amount of transmitted information is almost 
identical with the amount of information per 
stimulus presentation since the Ss had a very 
low error rate: less than 1% for all Ss and 
conditions with the exception of 1 S with an 
error rate of slightly more than 1.5% for the 
difficult light-naming task. 

The results for the light-naming task agree 
very well with those obtained by Hyman 
(1953). All but one of the sets of data of 
individual Ss show a linear relation between 
reaction time and amount of information, 
For this 1 S, the trend was very similar to the 
others but was significantly nonlinear. 

(The results for number-naming were 


700° 6s Lights: R=223+145 1 


9—9 SLIDES: R=368+35 І 
4 NUMBERS: R 2418 +161 
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MEAN REACTION TIME IN -00l SECS. 


3 
AMOUNT OF INFORMATION (BITS) 


Fic. 1. Group mean reaction time аза function of 
the amount of information in the stimulus for the three 
displays: Light, Slides, and Numbers. 
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o 


1 3 5 T 
NO. OF TRAINING SESSION 
Fic. 2. Group mean reaction time as a Ste 
of the amount of infor: nation in the stimulus and 
number of training sessions, 


similar to Mowbray’s (1960) in that ШР 
relation was linear and the effect of increasing 
the amount of information was very slight. 
Unlike Mowbray's results there was 2 
significant increase in reaction time corre- 
sponding to an increase in amount of in- 
formation. ; 

5 predicted, the group data for the slide 
display appear as à straight line lying between 
those for the other tasks, However, the slope 
of this line is not significantly greater than 
that for the number-naming task. 

Figure 2 shows the results for the sents 
blocks of learning trials with the light-naming 
task. An analysis of variance showed that @ 
significant amount of learning occurred anc 
that there was more pronounced learning 
under conditions Where more information Patt 
involved. However, even after 5,040 trials 
Per S, differences in reaction time correspond- 
ing to differences in amount of information 
had decreased but little from their initia 
values, indicating that the amount of i 
formation in the stimulus has a stable an 
important effect on reaction time, at least for 
relatively unusual tasks, 
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NEW 


DIGITAL TEST MODULES 
Announced by 
Scientific Prototype 


Scientific Prototype announces new Digital Test Equipment 


Building Blocks which provide researchers with a modular system 
with which they can quickly and inexpensively assemble equipment 
for random and fixed ratio programs, counting, measuring, deci- 
sion making, ete. This new research tool brings new speed, econ- 
оту, and flexibility to your laboratory. 


Scientific Prototype now offers a revolutionary new series 
of Digital Test Modules for use in the measurement and control 
of experimental variables. A small number of easy-to-use build- 
ing blocks will perform any task. No special training is required. 


FEATURES: The new units are entirely transistorized. They 
operate in decimal arithmetic, and provide direct numerical 
indication. All modules have buffered outputs which provide 
high fan-out ratios and permit outputs to be interconnected for 
added flexibility. In addition, any input or output may be short- 
circuited without damage to the equipment. 


An internal 10 KC clock with an accuracy of 0.00156 permits 
the precise measurement of reaction times, response rates, etc. 


A complete line of input and output accessories including 
digital printers, analog-to-Digital converters, high power load 
switching equipment, and tape readers and punches is available. 


Write now for full information and to reserve your copy 
of “Digital Techniques", our notes and comments on equip- 
ment and techniques. 


SCIENTIFIC PROTOTYPE MFG. CORP. 


Behavior Analysis Apparatus . . . operant conditioning kits, rodent test cages, 
pellet dispensers, soundproof chambers, recorders, noise generators, shock sources, 
times, switches, digital test equipment, tachistoscopes and special systems. 


623 W. 129th STREET, NEW YORK 27, NEW YORK 
TELEPHONES (212) MO 6-4674 and 4789 


the monthly review journal ши 
of the 


American Psychological Association 


CONTEMPORARY 
PSYCHOLOGY 


reviews 


criticism 
opinion 


on 


the latest books, films, 


and other instructional media 


lists of new books letters-to-the-editor 


$1.00 a Сору mim $10.00 a year 
Wl ($10.50 foreign) 


Order from: 
AMERICAN PSYCHOLOGICAL ASSOCIATION 
1333-16th Street, N.W., mH 
HH Washington 6, D.C. 


E УУ  —————__ 


Educational Psychology 
in the U.S. S. R. 


EDITED AND WITH AN INTRODUCTION BY 
BRIAN AND JOAN SIMON 


Prepared with the active cooperation of the Institute of Psychol- 
ogy of the Academy of Educational Sciences in Moscow, this 
volume provides a unique survey of recent Soviet work on the 
psychology of learning. All of the papers are by leading Soviet 
psychologists. $6.75 


Mathematical Methods 
in Small Group Processes 


EDITED BY JOAN CRISWELL, HERBERT SOLOMON, 
AND PATRICK SUPPES 


These 22 papers, presented at a symposium held at Stanford 
University in June 1961, represent a varied sampling of mathe- 
matical methods applied to problems of interpersonal behavior in 
small groups. The material includes new applications of statistical 
learning theory, of the Lorge-Solomon probability model of group 
problem solving, and of signal-detection theory. New expressions 
are given for power relationships, subtask phasing, non-oriented 
behavior, and a new topological measure of **closeness" applicable 
to a variety of data. Stanford Mathematical Studies in the Social 
Sciences, VIII. $9.75 


Social Pressures 


in Informal Groups 


LEON FESTINGER, STANLEY SCHACHTER, AND KURT BACK 


This book, first published in 1950, has become generally recog- 
nized as one of the important pioneering works in the field of 
social psychology. “For theory of group structure and function- 


ing, a number of very suggestive points emerge. . . . The study 
shows an impressive use of a battery of techniques in a carefully 
planned and systematic way."—ZHuman Relations $5.00 


Order from your bookslore, please 
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WILEY e BOOKS 


JOHN WILEY & SONS announces 
the publication of a major research and reference work... 


HANDBOOK OF MATHEMATICAL PSYCHOLOGY 
In three volumes 


H F [рес 2/3 d 2 y 4 BUSH, 
ted by К. DUNCAN LUCE, University of Pennsylvania, ROBERT R. Bi 
db of Pennsylvania, and EUGENE GALANTER, University of Washington 


Although mathematics has been used by Psychologists for many pees 
the intensive development of mathematical theories of behavior is relative С 
recent. Тһе field of mathematical psychology has progressed to such an 
extent that a knowledge of it is a "must" for many students and n 
sional psychologists. The three editors of the HANDBOOK OF MAT he 
MATICAL PSYCHOLOGY recognized this need and have prepared on 
first systematic survey of the major mathematical applications to psychology: 


VOLUME I of the HANDBOOK includes measurement, psychophysics 

reaction time, computers, and statistics; VOLUME II presents mat в 
matical learning models, formal theories of language, and models for SUB 
interaction; and VOLUME III is planned to contain chapters on v 
and auditory mechanisms, utility and preference theory, discrimina er 
earning, and mathematics. The three volumes of this work offer the exp 
а compact and convenient Summary of research as well as an extensive field. 
ography, and provide the student with a high-level introduction to the 

VOLUME I is now available—it contains 494 Pages and is priced at $10.50. iced 

Vi ME TI will be available soon—it will contain approximately 624 Pages and will probably be pr 

at $12.00, 


VOLUME IIT is in Preparation, 


the ideal reference volume and companion to the HANDBOOK... 
READINGS IN MATHEMATICAL PSYCHOLOGY 


In two volumes 


Я ER 
Edited by К. DUNCAN LUCE, ROBERT к. BUSH, and EUGENE GALANTE 
: „ference 
Serving the dual purpose of a companion to the HANDBOOK and a valuable referenc 
source, READINGS IN MATHEMATIC. 5 
of research papers reprinted from professional jo 
contribution to the Progress of mathe 
_ ains papers on measurement 
and stochastic processes; VOLUME IJI ; 


isms. 
erence theory, language, computers, socia] interaction, and audi tory and visual mechanism 

VOLUME I will be available soon—it will cont, 
probably be priced at $12.00. 


VOLUME II is in Preparation, 


. ү ime. learning» 
» Psychophysics, reaction time, lea 
is planned 1 


two books of related interest , . " 


CONCEPT LEARNIN G: An Information Pro 
By EARL B. HUNT, University of California. 1962. 
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GUSTATORY ADAPTATION TO SALIVA 
AND SODIUM CHLORIDE}! 


DONALD H. McBURNEY anD CARL PFAFFMANN 


Brown University 


Human NaCl thresholds were measured under 2 conditions: (a) salivary 
influence excluded by rinse with distilled water or 1 of 3 weak con- 
centrations of NaCl between stimulations, and (b) salivary influence 
maximized by using no rinse. Adaptation to distilled water yielded a 
median threshold for 4 Ss of .00014 M vs. .0043 M for adaptation to 
saliva, The latter value approximated the resting concentration of 
sodium in the saliva of these Ss. Adaptation to saline solutions raised 
the thresholds to values slightly above each of the adapting concentra- 
tions. It is concluded that salt thresholds normally reflect the state of 
adaptation to salivary sodium. Changes in general physiological state 
of the organism which affect salivary composition might be expected 


to shift the taste threshold by a process of sensory adaptation. 


When human Ss are depleted of 
Sodium chloride, the taste threshold 
Ог this compound is lowered (de 
Vardener & Herxheimer, 1957; Hen- 
kin & Solomon, 1962; Yensen, 1959), 
Ut the mechanism responsible for the 
E апре has not been clarified. Earlier 
Vriters (Hartridge, 1945; Richter, 
1 42: Richter, Holt, & Barelare, 
938; Young, 1938, 1941, 1949) pro- 
Posed that lowered sodium content of 
* blood, after adrenalectomy, for 
ot аре, might affect the sensitivity 

the salt receptors directly to cause 

9wered threshold. Behavioral de- 

* This supported in part b 
Кашып ша рас ч nen] Е Be Con. 

ation and the National Science Foundation. 
Dreci е authors wish to express their ap- 
Sko ation to Trygg Engen and John Krau- 
bhys for suggestions and advice in psycho- 
al procedures and data analysis. 


terminations of salt thresholds in rats 
before and after adrenalectomy (Carr, 
1952; Harriman & MacLeod, 1953) 
and electrophysiological recording of 
thresholds in normal and adrenalec- 
tomized rats (Pfaffmann & Bare, 
1950), however, showed a change only 
in preference threshold, not in ab- 
solute sensitivity. Thus, it is com- 
monly concluded that a central, rather 
than a receptor, process is responsible 
for these threshold effects (Pfaffmann, 
1957). 

That the sensitivity of the receptor 
may be a function of the sodium 
chloride level of the fluids bathing the 
taste bud has often been suggested. 
Liljestrand and Zotterman (1954, 
p. 292) noted that according to the 
older literature, the flat taste of water 
was held to be a distinctive sapor 


523 


524 


insipidus or sapor aquosus character- 
istic of solutions containing less salt 
than the saliva. Richter and Mac- 
Lean (1939) remarked on the possi- 
bility that the taste threshold might 
be determined in part by the salt 
content of the saliva (p. 6). Zotter- 
man (1958) also observed : 


After a water rinse even as weak as a solution 
as 0.003 M NaCl caused an obvious and 
persisting response in [the rat chorda tym- 
pani] ... The chloride concentration of 
the rat's saliva seems to be a constant 
stimulus to the salt receptors (p. 523). 


Adapting the tongue to relatively 
high concentrations of salt elevates 
the human threshold to a value 
slightly above the concentration of the 
adapting solution (Abrahams, Kra- 
kauer, & Dallenbach, 1937; Hahn, 


N.S. 


9 vs. external sol, 
O vs S's saliva 


H20 .069 


Adapting Solution (mM Мас!) 


FIG. 1. 


Salt threshold as a function of adapting solution, 
threshold ; abscissa, adapting solution or salivary sodium c 
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1934). It is also known that salivary 
sodium level drops under salt dep- 
rivation (McCance, 1938; Thorn, 
Schwartz, & Thaysen, 1956). These 
considerations suggest that the salt 
taste threshold may be a function of 
the sodium content of saliva to which 
the taste buds are normally adapted 
under physiological conditions. The 
present study was designed to obtain 
evidence relative to this hypothesis. 


METHOD 


Subjects and apparatus.—Five male ande 
graduates were paid to serve as Ss. “Aa 
solutions used in the experiment were m 
with distilled water and were maintained ' 4 
à water bath at 34° C., a temperature p od 
yielded no temperature sensation when The 
solutions were applied to the S's tongue. htly 
S sat with the tongue extended sligh 


equal conc. 


69 


15 


(Subject NS: ordinate, 
oncentration in mM.) 


S.C. 


86 ө vs external sol. 


o vs S's saliva 


H,0 .069 


Fic. 2. 


between the lips so that a gravity flow system 
Could deliver a continuous stream of solution 
Over the anterior dorsal tongue surface and 
then into a collecting funnel beneath the chin. 
The tongue, therefore, was constantly bathed 
ОУ an externally delivered solution and en- 
Urely free from any contact with the saliva 
except under one condition where no adapting 
rinse was employed. In this case, the tongue 
Temained in the mouth between stimulations 
and, therefore, was adapted to saliva. Both 
:! adapting and the stimulus solutions 
irrigated the entire exposed surface. The Ss 
Were able to remain comfortably. in this 
Situation for an extended period of time. 
Procedure — Threshold determinations were 
Made as follows. The rinse flowed over the 
9ngue for at least 2 min. before the first 
Stimulus was presented. The S moved his 
Ongue briefly out of the adapting stream ог 
Xtended it into position for the stimulus, 
“Placing it after each judgment. The stimu- 
lus Consisted of 3-5 ml. of salt solution pre- 
Senteq by pipette. An interstimulus interval 
at least 15 sec. was employed with a modi- 
ascending method of limits, This method, 


69 15 
Adapting Solution (mM Мас!) 


Subject SC, same as Fig. 1. 


which was a type of tracking procedure, was 
chosen in order to follow any changes in 
threshold which might occur during sessions, 
Determinations were continued for 25 min. 
of adaptation and stimulation under each 
condition, yielding approximately 10 values, 
The first stimulus identified as salt was 
considered the threshold for a particular 
determination. Distilled water was presented 
as a "blank" about every third stimulus, 
depending on S's false alarm rate, ie., 
positive calls given to water. No corrections 
were given, except for false alarms. Time of 
day was constant and Ss refrained from eating 
or smoking 1 hr. before the session. Four Ss 
were trained for 16 days before the start of 
the experiment; the fifth received 15 d. 
training. Five adapting conditions were 
employed, covering the range from lowest 
threshold possible to somewhat higher than 
the normal threshold: (a) distilled water, 
(b) .000069 M NaCl, (c) .00069 M NaCl, 
(d) .015 M NaCl, and (e) in the mouth be- 
tween stimuli (hereafter called “in-the-mouth” 
condition). Conditions 1 and 5 were pre- 


sented three times and Cond. 2, 3, and 4, 


ays 
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twice, during the 6 days of the experiment in 
a partially counterbalanced order, two condi- 
tions being used on each of the 6 days. 


RESULTS 


Results are summarized for each .S 
in Fig. 1-4, which show threshold 
obtained under the different adapting 
conditions. Each point indicates the 
median determination for one condi- 
tion for 1 day. The scales on both 
axes are the same, the diagonal 
describing equal concentrations of 
adapting solution and threshold solu- 
tion. Thus, if the S were to respond 
to the first stimulus that was of a 
higher concentration than the adapt- 
ing solution, for instance, the thresh- 
old would always be slightly above the 
diagonal. Open circles, representing 
in-the-mouth condition, are plotted 


e vs external sol. 
O vs Ss saliva 


Threshold (mM NaCl) 


H20 .069 
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at the equivalent sodium concentra- 
tion of S's saliva. Approximately 
3—5 ml. of resting saliva were obtained 
from each $ during the experimental 
session. Salivary sodium concentra- 
tions were determined by flame pho- 
tometry. Individual false alarm rates 
were .07 for SC, .08 for NS, .11 for 
BB, .12 for RS, and .38 for HC. 
Because of the high rate of the last 5, 
and the consequent unreliability of 
his threshold, his data will not be 
considered. 


Discussion 


It is seen from the figures that the 
threshold is a function of the sodium 
chloride content of the adapting solution- 
The grand median for all Ss with п 
water rinse is one quarter of a stimulus 
step above .00014 M (range .000022 M 
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Adapting Solution (mM Мас!) 


Fic. 3. Subject BB, same as Fig. 1. 
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R.S. 
e vs external sol. 
ovs S's saliva 


Threshold (mM NaCl) 


H20 .069 


equal conc. 


69 15 


Adapting Solution (mM NaCl) 


Fic. 4. Subject RS, same as Fig. 1. 


to .00054 M). The threshold increases 
With increasing salt content of the rinse, 
000069 M being sufficient to elevate the 
hreshold above the value obtained with 
Water, t will be noticed that the 
threshold is always above the level of the 
Adapting solution (in the rinse condition) 
With the single exception of one daily 

^reshold for 1.S. The minimum thresh- 
Old of 090014 M compares with Yensen's 
(1959) minimum of approximately 
+00089 M obtained under salt depriva- 
tion, with ‚00086 M found by de Ward- 
°пег and Herxheimer (1957) under condi- 
tions of greatly increased water intake, 
апа with 0904 M found by Henkin and 
olomon (1962) in patients having either 
Ntreated pituitary insufficiency or un- 
-€ated, or inadequately treated, adrenal 
‘sufficiency. Thus, it appears that 
“hanging the adaptation level of the 
congue in normal Ss produces a threshold 
hange of the same order of magnitude 


as the range of thresholds found in 
human Ss depleted of sodium chloride. 
The thresholds obtained under the 
“fn-the-mouth” condition fell on the 
function relating thresholds to adapta- 
tion but with more variability and in- 
dividual differences. It appears that the 
threshold under normal conditions is 
approximately that which would be 
expected if the sodium concentration 
were the major determinant of threshold. 
Sodium is, of course, only one ionic 
component of saliva besides potassium, 
calcium, chloride, phosphate, bicarbon- 
ates, etc. Hahn (1934) has shown that 
adaptation to potassium chloride did not 
affect the threshold for sodium chloride 
in man. Beidler (1953), in the rat, also 
found no cross adaptation between NaCl 
rinse and KCl or other monovalent salt 
stimuli. The threshold for sodium 
chloride solutions may, therefore, be 
expected to be relatively independent 
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of the ambient level of other salivary 
ions. Other variables, also, may have 
been operative. Salivary sodium may 
have been fluctuating during the experi- 
ment, saliva being sampled once per 
session, or the flow of saliva may have 
been insufficient to adapt the tongue 
rapidly enough to maintain adaptation 
level between stimuli, since Ss occasion- 
ally reported dryness of the mouth 
during the sessions. 

Our salivary sodium concentrations 
are in agreement with those reported 
for resting mixed saliva (Schneyer & 
Turner, 1954). Since sodium concentra- 
tion increases with rate of flow (Fenton, 
1960), by taking small quantities of 
relatively unstimulated saliva we sampled 
the saliva which actually bathed the 
tongue in our experimental situation, 
yielding a concentration which, when 
plotted against threshold, fell on the 
function of threshold уз. external adapt- 
ing solution. 

Most taste threshold studies reported 
in the literature include a brief water 
rinse before each stimulus to free the 
mouth of saliva. In preliminary work 
with the same Ss, we studied the effect 
of no rinse vs. а brief prerinse under the 
"in-the-mouth" condition. 
i d a grand median one- 
quarter step below .0086 М, w. 
rinse gave a value of .0022 M. 


but would also introduce Several un- 
controlled variables, including volume of 
rinse, time held in the mouth, amount of 
mixing with saliva, and variable rate of 
salivary flow, all of Which would affect 
the adaptation level and, hence, thresh- 
old in an unknown and variable manner, 
In Pfaffmann and Bare’s (1950) elec. 
trophysiological study on the normal 
and adrenalectomized rat, the tongue 
was rinsed between stimuli in tap water, 
This had the effect of eliminating salivary 
influence and adapted the threshold in 
both groups of animals in the experiment 
to the same low value. The results of the 
present experiment are Consistent. with 
their conclusion that the sensitivity of 
the receptor per se does not change under 
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salt depletion but it would appear ay 
the adaptation level of the receptor and, 
hence, threshold might change as a 
consequence of a change of the salivary 
sodium level. — 

Henkin and Solomon's (1962) patients 
with adrenal or pituitary insufficiency 
yielded lower salt thresholds than nor- 
mals. Frawley and Thorn (1951) ob- 
Served an inverse relation between adre- 
nal corticoid level and salivary ае 
Concentration, which suggests pm 
changes in salivary sodium and chloride 
are not responsible for the drop in Ue 
hold. That is, when cortical hormone ra 
deficient, then secretion of NaCl = 
excessive in both kidney and аге 
glands anda high level of salivary a а 
might be expected. But this is true gn ч 
if serum sodium is high. When serum 
Sodium falls, then adrenal insufficiency 
would be associated with low salivary 
sodium. Be 

Several ways of obtaining Tone ШЕ | 
olds may now be predicted with E 
salivary sodium levels: (a) low uer 
Sodium and high corticoids (by e 
deprivation), (b) very low serum pare 
and low corticoids (by adrenal ini : 
ciency or adrenalectomy with low tjm 
intake), and (c) normal serum b iiam 
and high corticoids. Normal a 
sodium and normal threshold a. Id 
predicted from: (a) normal serum sodit al 
and corticoid level (in the Ор 
Situation) and (b) moderately low ser E 
sodium and low corticoids (with per 
insufficiency and adequate dietary a 
to maintain only moderately low ser 
sodium level), 


CowcLusioNs 


to 
1. Continuous adaptation of the tongue < 
distilled water between stimulations Y!€ е. 
very low taste thresholds for sodium s 
2. Adaptation of the tongue to low p 
centrations of Sodium chloride elevates just 
threshold Írom its minimum to a value es 
greater than that of the adapting concen 
tion of Sodium chloride. air 
3. Plotting the normal threshold sore 
sodium Concentration of resting saliva 51 


ast 


ADAPTATION TO SALIVA AND SODIUM CHLORIDE 


that the normal threshold can be included on 
the function relating adapting concentration 
to threshold. 

+. The stimulus values encompassed by 
this effect covers the range of thresholds 
found in humans in a state of sodium chloride 
depletion or adrenal insufficiency. They are 
Correspondingly of the same magnitude as 
reported in the adrenalectomized rat. 
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ON THE PROBLEM OF HYSTERESIS 
IN PSYCHOPHYSICS? 


HANNES EISLER 
University of Stockholm, Sweden 


Subjective velocity was estimated b 


AND 


CHRIS OTTANDER 
University of Uppsala, Sweden 


y modified methods of magnitude 


estimation and category rating, Presenting the stimuli in ascending and 


descending series separately. 


Hysteresis was found and the midpoints 


were predicted with good precision from a model describing the relation 


between category and magnitude scales, 


It was shown that the main 


factor producing hysteresis is a difference in the "subjective zero," фо, 
of the power function V = k($ — фо)", between ascending and descend- 


ing series. 
for the time-order error. 


Hysteresis is an effect found most 
clearly in psychophysical bisection or 
equipartition experiments, If a cer- 
tain range of a continuum is parti- 
tioned in equal intervals by an О, the 
position of the divisions obtained will 
depend upon whether the stimuli are 
presented in ascending or in descend- 
ing order. Thus, in bisection the mid- 
point as set by O will be higher if the 
stimuli are presented in the order: 
lower fixed stimulus—adjustable stim- 
ulus—higher fixed stimulus, than if 
this order is reversed. Hysteresis has 
been demonstrated for subjective 
brightness, loudness, and weight (all 
so-called prothetic Continua) and with 
some doubt for pitch. It is not found 
in typical metathetic continua. The 
phenomenon is described in more de- 
tail by Stevens (1957, 1961). Though 
disconcerting from the point of view 
of scaling theory, the effect of hys- 
teresis has not yet been explained. 

Recent findings by Eisler (1962a, 
1962b, 1963a, 1963b) on the relation 
between magnitude and category 
scales provide a model which may be 
used to tackle the problem of hys- 
teresis. According to this model, the 
category rating scale K and the 

5 h has been supported b 
"e de кү United Sta RASE Е ае 
through its European Office. 


It is tentatively suggested that the same effect may account 


; T e 
magnitude estimation scale V observ 
the following relation 


K=alog(y—y)+6 L1 


The parameter ys constitutes the y 
intercept — g/k of the straight line 


o= hy +q, [2] 


the generalized form of Weber's ш, 
for subjective continua. Here 
denotes the intraindividual standar 
deviation of y. : 
The aim of the present study bs 
(a) to investigate whether the mo а, 
mentioned above may be applied gos 
bisection task or whether it is suitab 
only in typical category n nq 
and (b) to find out whether th 
hysteresis effect can be predicte 
Within the frame of this model, ^ 
by different V intercepts RE g/k 
ascending and descending series. һе 
hese problems were studied gn E 5 
continuum of subjective Le 
displayed by a luminous spot mod 
in a circular track. То summarize t 
results, Equations 1 and 2 per eo 
good Prediction of the midpoint? 
The hysteresis effect, however, W? 
due not to a difference in the n 
intercepts but to a difference betwee 


the ascending and descending таё” 
nitude scales, 
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METHOD 
Apparatus 


The apparatus was built to display a 
luminous spot (diameter .5 cm.) moving in a 
circular track (diameter 24 cm.) The 
luminance of the spot was 46.67 ft-L and it 
appeared on a screen with a luminance of 
-0060 ft-L (luminance measured with a 
Spectra brightness spotmeter Model UB). 

A synchronous motor with a continuous 
Scar made it possible to vary the angular 
velocity between 10 and 220 rpm. The gear 
consisted of two conical shafts side by side in 
reversed positions one driving the other via a 
Wheel between the shafts. The velocity was 
varied by sliding the wheel along the shafts. 
The velocity was read off a calibrated meter 
Coupled to a miniature motor run as a gen- 
erator by the output shaft. The luminous 
Spot was provided by a lamp attached to the 
end of an arm fixed at right angles to the out- 
Put shaft. As the motor was run at a con- 
Stant speed, Оз got no secondary auditory 
clues as to the velocity of the spot. The 
Presentation time and the interval between 
Presentations were kept constant by a timer 
System. . 

"The O was seated 2.5 m. from a semitrans- 
Parent screen (87.5 X 87.5 cm. inclusive 
Wooden frame of 3.5 cm.) showing the 
luminous spot. There were no landmarks on 
the Screen. The experimental room was kept 
11 semidarkness during sessions. 


D 
Procedure 


Two experiments were carried out, using 
modifications of the methods of magnitude 
estimation and category rating. Magnitude 
€stimation preceded category rating by at 
least 1 day and the same 12 Os took part in 

Oth experiments. The same 15 stimuli (see 
Table 1) were used in both. ut 

Experiment I: Magnitude estimation.—In 

is investigation it was essential to present 

stimuli in ascending and descending series 
Separately, If the same sequence were shown 
repeatedly, Os would probably start learning 
Number responses. In order to avoid this 
Source of error, combinations of б, 7, or 8 
Stimuli were drawn at random from the total 

15 and presented in ascending or descending 
Order, Eight ascending and eight descending 
Series were carried out so that, all in all, eight 
SStimates were obtained for each stimulus 
rom each O—four belonging to an ascending 
nd four to a descending series. The eighth 
Stimulus (82 rpm) served as standard and was 
assigned the value 10. The standard was 
Shown once (for 60 sec.) just before the 
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beginning of the first magnitude estimation 
series. 

In the magnitude estimation series each 
stimulus was presented for 4 sec. with an 
interval of 5 sec. between each presentation. 

Experiment II: Category rating.—In order 
to make the bisection procedure as com- 
parable to magnitude estimation as possible, 
an estimation rather than a production 
method was chosen. (With magnitude pro- 
duction it would have been impossible to 
compute the standard deviations needed for 
the test of the model.) On the other hand the 
procedure was made as similar as possible to 
the typical bisection experiment. At the 
outset, each O was shown the lowest and 
highest stimuli (20 and 200 rpm) for 30 sec. 
each and informed that the numbers 1 and 3 
corresponded to these. The О was then 
shown the lowest stimulus again for 4 sec. 
and after an interval of 5 sec., О was shown 
one of the remaining 13 stimuli drawn at 
random which he had to assign to one of the 
subjectively equally spaced categories 1, 2, or 
3. Then O was shown the highest stimulus, 
and after it one of the remaining 13 stimuli, 
for which a judgment was required, then the 
lowest stimulus, and so on, until four ratings 
for each of the 13 stimuli had been obtained 
for both ascending and descending series. 


RESULTS 


The arithmetic mean of the four 
magnitude estimations of each stimu- 
lus made by each O was calculated ; 
and the median of these means (be- 
tween Os) is given in Table 1. There 
were small differences between the 
geometric means and the medians, 
making the latter the more advisable 
measure of central tendency. The 
intraindividual SDs were computed in 
the way described by Eisler (1962a) and 
are also given in Table 1. The arith- 
metic means of the category ratings 
calculated over presentations and Os 
arelikewisegivenin Table1. Through- 
out, ascending and descending series 
are treated separately. 

Magnitude scales.—The magnitude 
scales for the ascending and the 
descending series were not entirely 
alike. Their curvilinearity in à 
double-logarithmic plot against (phys- 
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TABLE 1 
" Т : SDIVIDUAL 
5 JLUS VALUES ($), SUBJECTIVE MAGNITUDES (V) WITH THEIR INTRAINDIV 
ae SDs (c), and CATEGORY ESTIMATIONS (К) ror ASCENDING 
AND DESCENDING SERIES OF VELOCITY 
Ascending Series Descending Series 
m > 
dai Y с K $ с K 
1.650 517 = 2.000 450 үк 
20 2.375 669 1.083 2.500 910 Hd 
36 4.375 .821 1.063 4.125 943 1.063 
45 5.375 977 1.208 5.000 .986 loo 
55 7.500 .899 1.458 6.125 945 1-055 
60 8.000 1.287 1.521 7.375 2.257 eer 
70 9.375 1.776 2.021 9.000 1.383 2:008 
82 10.688 1.522 1.958 10.125 1.806 5 229 
90 13.000 2.187 2.125 11.500 1.604 2.247 
113 17.500 2.356 2.646 14.875 2.044 a 
126 18.750 2.531 2.667 16.875 1.885 2:979 
153 23.125 3.715 2.896 19.750 3.639 21018 
170 27.375 2.747 2.958 22.500 2.986 2. 000 
189 31.875 4.396 2.958 24.875 4.429 3 
200 34.250 3.160 — 30.625 3.506 БИ 


ical) angular velocity showed that а 
threshold correction was needed if the 
psychophysical power law were to 
hold. The "subjective zero” (Ekman, 
1958) was estimated from these log-log 
plots (cf. Mashhour, 1962) and 


straight lines were fitted to the 
equation 


log V = n log ($ — Ф) + С [3] 


(6 physical magnitude, rpm) by the 
method of least Squares in steps of .1 
rpm around the approximate фе until 
а фо value yielding the least sum of 
squared residuals was found. 

The equations obtained in this way 
were 


log уа = 1.09 log (ф — 7.4) 

— 0.981 [4] 
log Va = 1.11 log (ф — 2.0) 

— 1.096 [s] 


(Subscripts a and d refer to ascending 
and descending series, respectively.) 
Figure 1 shows log V asa function 
of log (6 — Фо). The difference in the 
exponents of the power functions for 
the ascending and the descending 


series (slopes of the straight lines E 
Fig. 1) is less than 2%, indicating ma 
the exponent of the psychophysic? 
function is invariant with the order A 
presentation of stimuli. The m 
ence in the subjective range in ity 
units for the two series is thus who A 
due to the different correcting yai 
фо. The small difference in C Е 
indicate а minor difference in t 
subjective units for the two series. he 
Midpoints.—As Fig, 2 shows, ^ 
hysteresis effect, though small, * 
found also in the continuum of su 
jective velocity, In the plot, means at 
category ratings are plotted аб 
physical angular velocity. The ssi 
regularity exhibited by the partitio! 
scale has been countered by a 
moving averages over three внеббази 
points. This Procedure is justified 3 
the approximate linearity of th 
curves in the important region aroun 
the midpoint, The midpoints arr 
Considered to lie on the value “2 d 
the partition scale and are at 80 anr 
7 rpm for the ascending and descen 
Ing series, respectively, 225 
SDs of the magnitude estimates: 
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1.0 
= 
о 8 
ES 
6 
4 
? 12 14 
10 12 14 16 


27 ss 


16 18 20 22 24 


Log (%-%,) descending series 


18 20 22 24 


Log (6-6,) ascending series 


i imations jective velocity as 

"IG agnitude estimations of subjec у у stion 

diere К" e Hine abdita (rpm) between the stimulus and the "subjective 

or ihe ascending and 2.0 rpm for the descending series). 
a 


Method of least squares.) 


The generalized form of Weber's law 
also holds for subjective velocity, as 
"ig. 3 shows. The straight lines 
scribing the intraindividual SD as 
a function of subjective magnitude 
аге fitted by the method of least 
Squares, Note that unlike the ex- 
Periments on loudness and softness 
“isler, 1962a) the two extreme points 
not lie noticeably below the 
traight line as compared to the other 
Points, In the experiments cited, all 
timulj were shown in each presenta- 
'On series (though in random order), 
50 that extreme stimuli were probably 


a function of the log of the 


zero" (7.4 rpm 
(The straight lines are fitted by the 


more easily identified by Os, ent 
spuriously low SDs; the procedure in 
the present experiment, in which only 
a random selection of stimuli was 
shown in each presentation Series, 
Seems to have prevented this effect. 

For the ascending series, the slope 
of the line is .106 and the y intercept 
Vo, — 4.266. The corresponding values 
for the descending series are .125 and 
— 3.416. 

Computation of the 
Equation 1 applied to the 
yields the following syst 


ailing 


mid points.— 
case at hand 
em of equa- 


5 30 > 
E 
5 
л 
с 
E 25 
s Zz 
a 
> 20 f 
5 
S 
о 
> 
o 15 
= 
© 
v 
$ 
g 10 
0 50 100 150 200 
Angular velocity (r.p.m.) 
Fic. 2. Partition scale of subjective 


velocity as a function of angular velocity in 
tpm displaying hysteresis, (The circles are 
values smoothed by taking moving averages 
over three successive empirical pairs of 
values. The arrows indicate the order in 
which the stimuli were presented.) 


tions: 


3 = a log (Wis — yo) +B 
1 = alog (у, — Vo) + B, 


Ascending series 


Intra - individual standard deviation 


0 10 20 30 


Fic. 3. М " 
for ascending and descending series, 


fitted by the method of least squares.) 


40 


Subjective velocity 
Intraindividual SDs as a function 


n (The SD 
are based on magnitude estimates calculated wi 
а 
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where у”; and w’15 are the subjective 
magnitudes corresponding to the low- 
est and highest stimulus computed 
from Equations 4 and 5. , After 
evaluation of « and 8 the midpoint 
in subjective units Ym is computed 
from 


2 = alog (Ym — Vo) + B. 


The midpoints calculated in this way 
are at 10.57 subjective units for the 
ascending series and 9.57 for the 
descending series. Figure 4 shows the 
partition scale as a function of ү 
magnitude scale with the computec 
midpoints marked off as encircle 
dots. The circles on the gu 
represent values smoothed over ie 
points, as in Fig. 2. The let pen 
midpoints as read off the curves аг 
11.1 and 9.6 subjective units. ч 
Bearing in mind the many pesi 
required in these computations, SUC 
à close agreement of the descending 
series is perhaps more surprising t ‘ot 
the small discrepancy exhibited y 
the ascending series, The error, "o 
ever, is big enough to reverse 


5 


Descending series 


0 Ш an ab “0 


4 ity 
of the magnitude scale of subjective Yan 
s are computed according to Eisler, 196 S are 
th Equations 4and 5. The straight line 


pe 
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= 
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Subjective velocity (partition scale) 


10 


Б 10 


Fic. 4. 
magnitude scale. 


the order in which the stimuli were presented. 


Points.) 


hysteresis effect if the computational 
Step to the physical continuum is 
taken and the midpoints фи in rpm 
аге calculated with Equations 4 and 5. 
"Or the descending series 77 rpm is 
Computed in agreement with the out- 
Come of the bisection experiment but 
Or the ascending series 76 rpm is 
Calculated and 80 rpm obtained em- 
Pirically, Most probably, the error 
15 due to the y intercept of the 
ascending series. А y intercept of 
—5.557 instead of —4.266 would 
have given an exact prediction. 


DISCUSSION 


The results of the experiments suggest 
that the model relating magnitude and 
3tegory estimation scales also covers 
pther types of partition scales. The 
Ysteresis effect as expressed in different 
‘dpoints for different orders of pres- 
n tation of stimuli, can be predicted 
0M the magnitude scales. It is mostly, 
2 not solely, due to different “subjective 
“Tos” gi in the psychophysical power 


25 


Subjective velocity (ratio scale ) 


15 20 30 


Partition scale of subjective velocity as a function of the corresponding 
(The same smoothing procedure as in Fig. 2 is used. 


The arrows indicate 
The encircled dots are predicted bisection 


function V = k(@ — фо)" for ascending 
and descending series. Whether the 
difference between the series in the 
corresponding subjective correction fac- 
tor Vo is a true difference is doubtful; 
its contribution to the hysteresis effect 
is therefore uncertain. 

Precise knowledge of the zero point 
would prevent hysteresis. This seems 
to be the case in certain metathetic 
continua such as position (Stevens, 1957), 
It is also of interest to note that the pitch 
function changes with the anchoring of 
the zero (Stevens & Volkmann, 1940). 

Another interesting aspect is the 
changes in dynamic range lying at the 
root of the hysteresis effect. The 
physical range is 1.0 log unit before the 
threshold corrections and rises to 1.18 
and 1.04 log units for the ascending and 
descending series if expressed in terms of 
Ф — фо. The corresponding values for 
the magnitude scales are 1.29 and 1.15 
log units. This difference decreases 
again after the correction Yo has been 
applied, giving .80 and .77 log units. 
It is this difference in range of .03 log 
units that produces the hysteresis. 
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The inflexion point in the ascending 
branch of Fig. 4 suggests that the 
partition scale taken as a whole is not 
quite consistent with Equation 1, which 
expresses the relation between category 
and magnitude scales. "This is not en- 
tirely unexpected, since the procedure 
used here and the typical procedure em- 
ployed to obtain category scales differ in 
several ways. 

Naturally, it remains to investigate 
other subjective continua to see how 
general the description of hysteresis in 
terms of фо is. At all events, the present 
findings indicate that the parameter фо 
has not much to do with the absolute 
threshold, which probably lies far below 
1 rpm (the angular velocity of a second 
hand of aclock). This is not so astonish- 
ing, since it may be requiring too much 
from an O that he keep in mind where 
his absolute threshold lies when making 
magnitude estimations. On the other 
hand, that Os under favorable conditions 
may be quite good at giving a meaningful 
value for фо has been demonstrated by 
Stevens and Stevens (1960). A variation 
of фо for luminance is described by 
Stevens (1962). In Stevens’ case, how- 
ever, the variation probably lies at the 
receptor level. 

The present results may also throw 
some light on the problem of the time- 
order error, an effect that seems to be 
closely connected with hysteresis. If 
the parameter фе takes different values 
depending on the order of presentation 
of a stimulus, the subjective magnitude 
pertaining to this stimulus will also be 
different—provided that the constant Ё 
in the power law does not change so that 
this effect is exactly canceled. 

The same argument can be expressed 
in terms of Luce's psychophysical model 
(Luce, 1959, p. 43). Starting from the 
linear generalization of Weber's law 


Аф = ch + d, 


Luce shows that the exponent of the 
power function depends on the slope ¢ 
and that the subjective zero equals 
the $ intercept —d/c. It follows from 
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the present experiments that grier о] 
presentation of stimuli does not affect E 
slope in Weber's law (invariant Р 
ponent) but does affect the constant : 
or better, the ф intercept jp 
subjective zeros). A shift in фо Hee 
thus be equivalent to a parallel trar 
lation of the straight line desoribing 
Weber's law, and would produce a a 
in Aó entailing a displacement of i 
psychometric function: the time-or 
error. . 

We have not attempted to explain ү 
shift of the subjective zero with uli. 
order of presentation of the stimi 
This is a topic of research of m go 
account and might be attacked E 
instance by investigating the parame 
of Weber's law for different conditions: 
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EFFECTS OF PRIOR AND 


INTERPOLATED LEARNING 


ON RETENTION IN PIGEONS! 


JACSU 


Brown 


2 KEHOE? 


University 


A discrimination situation was developed for pigeons which would 
permit the investigation of retention problems in the animal laboratory. 
Changes in Retroactive and Proactive Inhibition (RI and P1) were 
studied as a function of the length of the retention interval (1, 10, or 30 


days). 
w 


A 5-key discrete-trial situation was employed in which a task 
s defined by the key color that was г 


sociated with reinforcement. 


Comparison of the number of correct responses made by the various 
groups on Day 1 of relearning permits the following conclusions: (a) Re- 
troactive Inhibition was very prominent at all retention intervals. 
(b) The RI Ss relearning after a 30-day interval performed better than 


those relearning after a 1- or 10-da 


tional task prior to the tz 


interval. (c) Ss learning an addi- 


sk to be recalled made as many correct re- 


sponses during the retention test as did control Ss. That is, no Proactive 


Inhibition was evident. 


(d) Both PI and control Ss relearning after a 


30-day interval performed more poorly at recall than did those Ss re- 
learning after a 1- or 10-day interval—a trend opposite to that shown 


by the Ss in the RI condition. 


A supplementary experiment showed 


that even when the number of prior tasks was increased from 1 to 2, no 
PI was evident after a 30-day interval—the only interval tested under 


this special interference condition. 


The discrimination situation de- 
Scribed below was developed to permit 
the systematic study of retention 
Phenomena in the animal laboratory. 

Sing pigeons as Ss in wave length 
discrimination tasks, the following 
asic questions were explored. (а) 
Could Proactive Inhibition (PI) be 
demonstrated in the type of situation 
Used here; more specifically, would the 
retention of a task be interfered with 
ЗУ learning that occurred prior to the 
acquisition of that task? (b) Could 
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"Stitute of Research, Washington 12, D. C. 


Retroactive Inhibition (RI) be dem- 
onstrated; that is, would the learn- 
ing of an additional task during the 
retention. interval interfere with re- 
call? and (c) Would changes occur in 
these interference effects as a function 
of the length of the retention interval? 

In their interpretations of these 
classic retention phenomena, investi- 
gators have often employed concepts 
originating from simple conditioning 
situations (e.g., Briggs, 1954). It has 
been assumed that, during the learn- 
ing of a second task, the first-task re- 
sponse undergoes extinction (if the S 
is learning a new response to an old 
stimulus). It is this first-task extinc- 
tion that has been used as à partial 
explanation of the phenomenon of 
Retroactive Inhibition. This extin- 
guished first-task response is, more- 
Over, presumed to recover in strength 
during the time that elapses betw 


À een 
second-task learning 


and the recall 


ә 
x 


538 


test, paralleling the phenomenon of 
spontaneous recovery of an extin- 
guished response in a simple condi- 
tioning situation. 

How, then, would this extinction 
and later recovery of the first-task 
response affect Ss in the various condi- 
tions of the traditional retention 
paradigms? For those Ss who are to 
relearn their first task (RI Ss), any 
recovery of this extinguished response 
should facilitate their recall perform- 
ance. And, since an increase in the 
retention interval length permits more 
recovery of this response, the RI .Ss 
should perform better as the retention 
interval increases. Data that have 
been gathered relevant to the support 
of this hypothesis have been some- 
what discrepant (see Slamecka & 
Ceraso, 1960) and therefore provide a 
rather unsatisfactory basis for predict- 
ing results under the present con- 
ditons. 

For Ss reinforced during relearning 
for performing the second-task re- 
sponse (PI Ss), any first-task recovery 
would be interfering since these two 
responses presumably compete with 
one another. Consequently, as the 
retention interval increases and the 
first-task response is permitted greater 
recovery, PI should increase. In the 
few instances in which PI has been 
investigated as a function of the 
retention interval length, there does 
appear to be the predicted increase in 
the interfering effects of prior learning 
with time (see Underwood, 1957), 

A decrement in recall shown by PI 
Ss and an improvement shown by RI 
Ss with time could also be predicted 
by assuming that the second-task 
response somehow grows weaker with 
time, without any absolute increase 
in the strength of the first-task, ex- 
tinguished response. Consequently, 
it is necessary to include Control 
groups at all retention intervals if any 
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support is to be derived for the hy- 
pothesized spontaneous recovery of 
the first-task response. For those 5s 
learning only one task (Controls) 
there is no experimentally developed 
high strength response learned prior 
to their acquisition. period. Conse- 
quently, there should be relatively 
little extinction necessary during 
learning, and, therefore, little subse- 
quent recovery of incorrect responses. 
Since these Ss should experience less 
interference from spontaneously re- 
Covering responses than those SS 
recalling the second of two tasks, less 
decrement with time would be ex- 


pected from Control Ss than from 
PI Ss; 


Метнор 
Experimental Design 


The effect of three retention intervals 
(1, 10, or 30 days) on relearning performance 
was investigated under each of three differen 
interference conditions (Control, RI, an Б 
РІ). Тһе design of the experiment is гери 
sented in Table 1. The number in each età 
refers to the number of Ss participating "^ 
each condition, Before running all wr 
groups of the design simultaneously, some e 
Were assigned randomly to just the ios 
Control conditions, Following these initia 
Tuns, Ss were run in a series of replications © 
all nine conditions of the design. This two- 
Stage process resulted in a larger number © 

5 in the Contro] conditions. 


Subjects 


The Ss were White Carneau cocks ranging 
from 4 to 7 yr, in age. Of the 80 pigeon 


TABLE 1 
EXPERIMENTAL DESIGN 


Interference Retention Interval (Days) 

Condition | ^ —— 
1 10 30 

а e | NE T 
Control 10 9 11 
PI 4 a 5 
RI 4 5 5 

er 

oS Number within each cell indicates N P 
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Who were exposed to the discrimination 
training conditions, 23 were dropped for the 
ollowing reasons: 17 either failed to transfer 
from the pretraining procedure to the 
discrimination problems, or extinguished 
uring the early acquisition of the second 
task; 2 were dropped due to E error in 
Programing the conditions; 2 died during 
t eir retention interval; and 2 were dropped 
Prior to recall testing for showing an excessive 
Number of between-day decrements in 
Performance which would have rendered 
their recall data uninterpretable. 

Each bird was maintained throughout the 
experiment at 7595 of his maximum body 
Weight. Purina pigeon chow was used both 
9r the maintaining diet and as the reinforcer 
uring experimentation. 


Abparatus 


pl The compartment in which the bird was 
ines for experimentation was a blackened 
mnum and Plexiglas box with five 
erbrands-type response keys mounted on 
iff front wall of the box. The keys were 
li абау illuminated by two systems. of 
Dretr. Sources. The first, used only during 
üc bulb, a, consisted of five white 7-w. 110V 
illumi - Which were wired and placed so as to 
Date each of the keys with any one 
üc hat colors. For this purpose T-w. 110V 
Урез $ were used in conjunction with five 
паг of gelatin filters from the Wratten 
"OW-band series (No. 70, 72B, 73, 74, and 
two k he system was wired so that (a) no 
urin sys were lighted with the same color 
аз in Eur given display, and (b) each key 
equal” Med with each of the five colors 
«Y Often within a session. 
* aluminum box and the stimulus 
tigerat were enclosed in a ventilated re- 
9f the "^ Shell which permitted observation 
al qi ird, but was adequately shielded from 
Spea ЕЛЕ external to the compartment. А 
"T placed inside the refrigerator shell 


Proy; 
id co, ап t 
Sounds. White noise which masked apparatus 


Systey 


A res 


norma] Ponse was defined as a break in the 


five р Y Closed contacts of any one of the 
Seen dd Each break was recorded in- 
зцср atly on Elmeg printing counters in 
e ik b way that it could be identified in terms 
Curren Position of the key pecked, the color 
the "rd illuminating each of the keys, and 
€ in which that particular response 
Made į with respect to all other responses 
în the session, 
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Procedure 
Pretraining.—The  pretraining involved 


three stages: (a) magazine training, (b) shap- 
ing and training of the pecking response, and 
(c) a session providing practice in pecking 
at each of the five key positions. 

During training of the pecking response 
only the center key was exposed, and white 
light was used to illuminate the key. Each 
response produced a 4-sec. exposure to food, 
followed by a 2-sec. blackout condition. One 
hundred such trials were given. 

In the last pretraining session, the position 
of the white light was changed between each 
presentation, appearing equally often on each 
key throughout the session. During the 
first 50 stimulus exposures of this training 
period, a response to the lighted key was 
followed by a 3-sec. food exposure and a 
2-sec. blackout period. For the last 50 
exposures, the blackout was lengthened to 27 
sec.—the duration to be used during dis- 
crimination training. 

Discrimination training —There were two 
tasks used in this experiment. One of the two 
was defined by the reinforcement of pecks to 
the key illuminated with green light (Filter 
No. 74), regardless of its position, while the 
other was defined by reinforcement of pecks 
to the red key (Filter No. 70). Throughout 
the investigation the only factor differentiat- 
ing one task from the other was this rein- 
forcement contingency. The task the Control 
Ss were to learn and the order of tasks for the 
RI and PI Ss were assigned at random. 

Throughout discrimination training each 
daily session consisted of 50 exposures of the 
stimulus displays. The stimuli were turned 
on after the bird was placed in the dark 
compartment and following his response to 
one of the five keys the stimulus lights went 
out. If the response had been the correct one, 
it was followed by a 3-sec. exposure to food 
and a 27-sec. blackout. If it were incorrect, 
no reinforcement was given and the response 
was immediately followed by а 30-sec. 
blackout. Only one peck was required to 
initiate this blackout or reinforcement- 
blackout condition. The display was changed 
automatically following each response. 

Between the twentieth and twenty-first 
and fortieth and forty-first presentations of 
the stimuli a so-called correction trial was 
introduced. On such trials, only the center 
key was lighted and the color currently 
associated with reinforcement illuminated the 
key. This procedure, since it virtually forced 
the bird into responding to the correct color 
and thereby receiving the reinforcement, 
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TABLE 2 


MEAN Davs TO CRITERION AND MEAN 
Correct RESPONSES ON 
CRITERION Days 


Mean Number Mean Number 
= " of Days to Correct on 
Experi- Criterion Criterion Day 
mental 

Condition 
Task 1 | Task2 | Task1 | Task 2 
Control 
1 дау | 3.0 — 46.8 — 
10 day | 3.0 — 48.33 — 
30day| 3.64 = 46.73 — 
RI 
1day| 3.5 4.0 47.75 | 48.0 
10 дау | 3.6 4.2 47.2 48.2 
30 дау 3.4 4.2 47.4 47.8 
РІ 
1 дау | 3.5 4.5 48.25 | 47.75 
10 дау | 3.5 4.25 | 47.0 46.0 
30 day | 3.8 5.0 47.0 47.6 
3.17 5.10 9.92 8.26 
ај 8 95 5 РА 8 5 
ГА «95 | <. <.30 2 
2.90 | >.30 >.20 $19 


helped avoid extinction during the early 
acquisition of both tasks, 

The birds were run one session per day 
until they reached a criterion of 45 or more 
correct responses out of the Possible 50 
within a session. The two correction trials 
were not included in this calculation. Control 
animals began their retention interval after 
reaching criterion performance on their only 
task. Experimental animals, on the day 
following criterion performance on their first 
task, were put in under the new reinforcement 
contingency defining their second task. They 
were run through a similar series of daily 
sessions until they met criterion on their 
second task, at which time their retention 
interval commenced. 

Relearning.—Relearning sessions involved 
the use of the same basic Procedures as the 
acquisition sessions. The control animals, 
who had been reinforced for only one of the 
responses, were run under conditions identical 
to the acquisition sessions. For the PI birds, 
the second-task response was reinforced 
during relearning, while for the RI birds, 
reinforcement was delivered upon occurrence 
of the first-learned response. 


RESULTS 
Acquisition Data 


The mean number of days required 
by each group of Ss to meet the 
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criterion of 45/50 responses correct 
is presented in Table 2. This table 
also lists the mean number of correct 
responses made by these groups on the 
day of criterion performance on their 
respective tasks, 

All the means within a column 
represent scores that were obtained 
under similar conditions, The p value 
listed at the bottom of each column 
indicates the probability of the chance 
occurrence of the mean differences 
evident within that column, and 
thereby gives an evaluation of pre- 
treatment differences. As one can see 
by observing the data and their 
statistical evaluation (Kruskal-Wallis 


NUMBER OF RESPONSES 


2 4 8 10 2 


SUCCESSIVE SESSIONS 


Fic. 1. ч Nn for 
all Ss in ihe паца] acquisition curves 
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analvsis of variance), groups that 
have been treated similarly perform 
similarly. 

There are reliable differences, how- 
ever, between Task 1 and Task 2 
Performance for all groups learning 
more than one task. The mean 
number of days required to learn the 
Second task was greater than that 
required to learn the first task. 
Eighteen of the 27 Ss required more 
days to meet the second task criterion, 
and only 2 of the 27 Ss spent fewer 
days on Task 2 (p < .002). This 
Negative transfer is not surprising con- 
Sidering the fact that an identical- 
Stimulus—changed-response design 
Was used. The mean number of 
Correct responses on the last day did 
Not differ between tasks (р = -8), 
Which was, of course, the result aimed 
for when placing the criterion restric- 
tion on the S's performance. 

Sample data for the two-task groups 
Can be seen in Fig. 1, which presents 
the acquisition scores for both Tasks 
land 2 for all birds in the PI, 10-day 
Sroup. The solid line indicates the 
Tequency of occurrence of the re- 
Sponse that was reinforced during the 
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Fig, 2, Number of correct responses made 
ay fach § during his recall session. (Scores 
ang ontrol Ss are represented by open circles 
Ea the dashed line; those of PI Ss, by closed 
Rres and the solid line; and the data of the 

5; by triangles and the dash-dot line,) 
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TABLE 3 


MEAN Correct RESPONSES AT RECALL 
AND MEAN Days TO RELEARN 


кенп на Statistical 
= Condi- ays, Evaluation 
Measure omer 
1 | 10 | 30 H 

No. cor- | Control}-48.6 |16.9 42.3 | 9,55** 

rect Rs | PI 47.5 48.7 139.6] 7.32* 

at recall| RI 4.5 | 5.8 ]15.8] 5.52 
No. days | Control} 1.1 | 1.1] 1.7 

tore- |PI 1.0 | 1.0 | 2.0 

learn RI 4.5] 4.8 | 3.3 

*p <.05 

жер <.01 


second task; the dashed line, the 
frequency of the first-task response. 
During second-task acquisition, the 
extinction of the first-task response 
results in its decrease in frequency, 
and the reinforcement of the new 
response results in its gain in strength. 
Data obtained from Control animals 
are similar to the first-task data 
illustrated here. 


Day 1 Relearning: Number of Correct 
Responses 


Figure 2 presents the number of 
correct responses made by each S on 
the first relearning day, and Table 3 
presents the mean performance of the 
various groups. 

Proactive Inhibition.—When the 
number of correct responses made by 
the members of the PI and Control 
groups is compared at each of the 
retention intervals, extreme overlap 
is observed and no difference between 
the performance under the two inter- 
ference conditions is evident (F « 1). 
There is no indication that the Ss who 
learned an additional task prior to the 
acquisition of the task to be recalled 
made fewer (or more) correct re- 
sponses during the Day 1 Relearning 
session than did Control Ss who 
learned no additional task, That is 

, 
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Fic. 3. Mean number of "other" responses 
(solid line) and "intruding" responses (dashed 
line) made by the Control, PI, and RI groups. 


no PI was observed, using the tradi- 
tional measure of such interference 
effects. 

Under both PI and Control condi- 
tions, the retention interval was a 
significant determiner of performance. 
Increasing the interval from 1 to 10 
days had no apparent effect on be- 
havior, but when the interval was 30 
days in length, a decrement in 
retention resulted (see Table 3). For 
the Control group, at least, the vari- 
ability of Day 1 Relearning perform- 
ance also seemed to change with time, 
The 30-day group not only exhibited 
a lower mean performance than the 1- 
and 10-day groups, but the scores in 
that group were also much more 
heterogeneous. This may, of course, 
be merely an artifact due to the 
limiting 100% level of performance at 
which many of the members of the 1- 
and 10-day groups were working. 

Retroactive Inhibition. —A compari- 
son of the Day 1 Relearning scores 
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from the Control Ss and those of the 
RI groups leaves no doubt that the 
learning of a second task had a 
dramatically detrimental effect on the 
retention of the first-learned task 
(F = 460; see Table 3 and Fig. 2). 
In contrast to the trend shown as a 
function of time by both the PI and 
Control groups, under the RI condi- 
tion an increase in the retention 
interval appears to have resulted in an 
increase in the number of correct re- 
sponses at recall. 


Day 1 Relearning: Analysis of Errors 


In addition to a comparison of the 
number of correct responses made by 
the various groups, it is possible = 
compare the types of errors made dor 
ing the retention test and eu 
thereby to reveal differences aS t 
function of experimental history s 
would not be apparent by observing 
only the frequency of occurrence A 
the correct response. In order i 
facilitate such a comparison, t sh 
following categories of response have 
been defined. Only two of the five or 
sponses were ever associated M 
reinforcement. Of these two “tas 
responses, the one currently being 
reinforced defines the correct iy 
An intruding response is defined as p 
task response not currently € 
reinforced. This categorization ! 
used even for Control Ss who lean 
only one task, for Ьу separating thes 
“intrusions” from the other errors 0 
the Control Ss, it is possible to ghe 
a baseline frequency of occurrenc? 
against which to measure the ma 
task interference shown by anima 5 
for whom these responses can mean 
ingfully be labeled as intrusions sr 
other learning. Other responses aT 
those made to the three keys that wer? 
never associated with reinforcement. 


RETENTION IN PIGEONS 543 


Figure 3 presents the error data for 
all nine groups of the experiment. 

Proactive Inhibition.—Although no 
PI was evident by standard measures, 
Observation of the error data does 
Suggest that the experimental history 
of the Ss in the PI groups did affect 
their retention test performance. The 
Control Ss made essentially no in- 
truding responses at any of the time 
intervals. Similarly, the PI Ss who 
recalled after either 1 or 10 days 
Showed practically no  intrusions. 
However, Ss in the 30-day PI group 
made almost as many intrusive errors 
as they made "other" responses. 

Retroactive Inhibition.—The num- 
ber of intruding responses made by the 
RI groups is far greater than that 
Seen in the Control or PI data. As 
the retention interval increased in 
length, the number of intruding 
responses decreased, while the number 
of correct responses increased. The 
number of "other" responses remained 
at approximately the same frequency 
at all retention intervals. 


Relearning : Number of Days to Relearn 


The number of days to relearn is 
Negatively correlated with the number 
ОЁ correct responses on Day 1 Re- 
learning (see Table 3). This is to 
Some extent unavoidable, since if S 
Performed at criterion level or above 
9n the first relearning day, he received 
DO more training. Only Ss who 
Made fewer than 45 correct responses 
Were given more than one relearning 
Session, 

As Table 3 shows, the RI Ss re- 
Wired many more days to relearn 
than did the PI or Control birds, and, 
11 contrast with the PI and Control 

S, they showed a decreased number 


2 days to relearn as a function of 
time, 


Discussion 


The experiment was designed to serve 
two purposes: first, to demonstrate the 
frequently observed phenomena of RI 
and PI in this new experimental situa- 
tion; and, secondly, to investigate the 
changes in the amount of these interfer- 
ence effects with time. 

The first of these purposes was only 
partially served. Although RI was 
dramatically evident at all retention in- 
tervals, there was no evidence of PI as 
measured by comparing the number of 
correct responses made by the PI and 
Control groups during the retention test. 
The PI 30-day group did show a greater 
preponderance of intrusive errors than 
did the comparable Control group, but 
the interference was certainly not of the 
magnitude expected from the design 
employed. 

The effects of varying the retention 
interval length—the second question 
asked in this study—were also somewhat 
different from those anticipated. Al- 
though the empirical basis for prediction 
is somewhat unclear, most investigators 
have predicted increased PI and de- 
creased RI as a function of time (e.g., 
Estes, 1959; Underwood, 1948). It has 
been hypothesized that the first-task 
response, extinguished during second- 
task learning, would spontaneously re- 
cover during the retention interval, and 
that the amount of recovery would be a 
direct function of time. This recovery 
would improve the recall of the RI Ss 
and hinder the performance of the PI Ss, 
The PI Ss did show the predicted de- 
crease in performance and the RI Ss the 
predicted increase. However, since the 
Control and PI Ss showed an equal 
decrement with time, there is no differ- 
ential support given for the hypothesis 
that the changes occurring in the two 
task groups were due to a recovery in 
first-task strength. 

The most surprising result of the 
experiment is the minimal effect that 
prior learning had on recall. PI has been 
shown frequently in the verbal learning 
situation (see Underwood, 1957), yet 
seems to be quite questionable here, A 
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number of differences in the two ap- 
proaches might explain the disparate 
results. For example, in the verbal 
learning task, the presentation of the 
stimulus is always followed in a few 
seconds by a presentation of the correct 
word or syllable, independent of the S's 
behavior. Consequently, if he makes the 
proper response, he is “reinforced” by its 
presentation, and if he makes an error 
he is "corrected." In the situation used 
in this study, on the other hand, no 
indication is given following an error as 
to which response should have been 
made, and S is not forced into making 
the correct one. It is not unreasonable 
to assume, then, that the old response 
would extinguish differently in the two 
situations. That is, in the verbal learn- 
ing task, the new response is probably 
learned relatively more quickly, gaining 
in strength over the old response prior to 
its complete extinction. In this situa- 
tion, in contrast, the old response must 
be quite well extinguished before the new 
Tesponse even occurs. Whether or not 
the use of a correction procedure would 
have increased the amount of PI is a 
question that awaits an experimental 
answer. 

This situation also differs from the 
verbal learning task in terms of the 
number of extinction sessions that the 
response undergoes prior to the recall 
test. With the procedures employed here, 
there are many sessions during which the 
first-learned response undergoes extinc- 
tion. These sessions are Separated by a 
24-hr. interval, and it is likely that 
spontaneous recovery of the extinguished 
response occurs during this time. The 
response would then undergo a repeated 
extinction in the following session. Such 
repeated extinctions probably reduce the 
amount of recovery that will occur during 
the retention interval, much in the same 
way that repeated extinctions of a single 
response have been shown to reduce 
greatly the amount of recovery that will 
occur following the last extinction ses. 
sion. In the verbal learning situation, 
where learning criterion is met in one 
session, this repeated recovery-extinction 
process would not be as prominent, 
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therefore greater first-task recovery 
would be likely during the retention 
interval. 

A similar repeated-extinction hypoth- 
esis has been suggested as a possible 
explanation for superior retention follow- 
ing acquisition under distributed rather 
than massed practice. In interpreting 
such a finding obtained under a similar- 
stimulus—changed-response design, un 
derwood and Schulz (1961) suggested 
that: 


If a recovery process is assumed to occur SN 
time, under distributed practice the ex- 
tinguished associations will recover mi 
between each trial than they will ander 
massed practice, Such recovered associations 
would have to be extinguished again. It ide 
be assumed that this alternating recovery ап x 
extinction process will lead to a more s 
manent extinction of the interference у 
dencies thus facilitating recall following 
distributed practice (p. 234). 

Before modifying the procedures А 
line with the hypotheses suggested ae 
a further attempt was made to demo Б 
Strate РІ in this situation without ater 
ing the basic nature of the task. pe 
following study was undertaken to e 
if PI could be demonstrated by simply 
increasing the number of prior tasks fro А 
one to two, since similar manipulation 
have been shown to be an effective p^ 
of increasing the amount of PI in се 
verbal learning situation (see Under 
wood, 1957). "WS 

Two groups of PI Ss were run in pos 
supplementary experiment. One of к 
groups (N = 7) learned only one prio 
task; the other (N — 8) learned two 
Prior tasks. All Ss їп this experiment 
recalled their last-learned task after 4 
30-day retention interval. Reinforce, 
ment of pecks to the key illuminate 
with the blue-green light (Filter No. E 
defined the third task. All possible 
combinations and orders of tasks were 
represented in the design. With the ex- 
ceptions implied in these design change? 
the procedures were the same as those 
used in the main investigation. ‘ 

By comparing the Day 1 Relearning 
performance of the 30-day Control 
with the Performance of the 30-day 
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two- and three-task PI Ss it is possible 
to obtain an estimate of the effect on 
recall of manipulating the amount of 
prior learning. Since the difference be- 
tween the means of the two-task groups 
from the main experiment and this 
Supplementary study did not reach 
Significance (p — .25), the data from the 
two experiments were combined for this 
comparison. The mean number of cor- 
rect responses on the first relearning day 
is essentially the same for all three 
groups: 42.27, 42.07, and 42.00 for the 
Ss learning one, two, and three tasks, 
respectively. Although the mean per- 
formance does not appear to be affected, 
there does seem to be a reduction in the 
Variability of Day 1, Relearning scores 
as the number of prior tasks increases 
from zero to two (SDs = 6.5, 4.82, and 
3.02 for the one-, two-, and three-task 
groups, respectively). . 

In summary, it appears that the differ- 
ences between the data arising from this 
Situation and those typically obtained in 
human studies cannot be resolved by 
simply increasing the amount of prior 
learning. Perhaps if some changes were 
made in the basic structure of the task 
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(such as those alterations suggested 
above) the data might show closer 


resemblance to the verbal learning data. 
If such proved to be the case, some new 
knowledge might be obtained concerning 
the variables affecting interference in 
retention, 
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SUCCESSIVE ACQUISIT 


IONS AND EXTINCTIONS 


IN А T MAZE! 


JOHN W. COTTON 
University of California, Santa Barbara 


80 male albino rats received 20 


AND 


GLEN D. JENSEN 
DePaul University 


trials of noncorrection training in a 


single unit T maze. Then randomly assigned groups of 20 Ss received 
2 sessions of training including from zero to 2 acquisition sessions and 
the remainder of extinction sessions (in all 4 possible orders) after which 


all groups received an additional acquisition session and th 


an a session 


of extinction. No evidence was found of inferior performance on Days 


4 and 5 for groups receiving prev 


ious extinction trials. When groups 


were compared on trials for which previous numbers of reward were 


equated, there was some indicati 
extinction trials on Days 2 and/or 


This experiment was designed to 
test the hypothesis that T maze 
performance on reacquisition trials 
following varied numbers of extinction 
trials would, except for a transition 
phase when reward is first reintro- 
duced, be essentially equivalent to 
that obtained if those extinction trials 
had been acquisition trials. This 
hypothesis is a consequence of the 
assumption that habit strength grows 
on all trials, not just rewarded trials 
(Spence, 1956, p. 94). 


Four groups of rats were differ- 


entiated by the pattern of daily 
rewarded (A) and nonrewarded (E) 
sessions that they received. The 


patterns were AAAAE, AEAAE, 
AAEAE, and AEEAE, where the first 
letter denotes the schedule obtaining 
on Day 1, the second letter the sched- 
ule for Day 2, and so on. Under the 
presumption that acquisition of speeds 
and correct turns is not complete 
before the end of 4 days under the 


i'This experiment was performed and 

ely analyzed at Northwestern University 
s Mates Science Foundation Grants 
G-2672 and G-8706. The authors gratefully 
acknowledge the influence of Donald T. 
Campbell upon the treatment of incentive 
magnitude given herein. 


on of su 


periority for groups having 
3. 


procedure used, this design allows for 
12 tests of the general hypothesis. : 

Since the experiment was et 
formed, a modified Hullian theory ha 
been developed which makes quan- 
titative predictions regarding epe 
ments such as this (Cotton, Jensen; 
Lewis, 1962). 


METHOD 


Subjects. —The Ss whose data аге reported 
were 80 naive male albino rats of the Spreag a 
Dawley strain from 52 to 74 days in age no 
mean of 65 days. Their mean weight T 
approximately 187 gm. In addition to t nA 
rats which completed the experiment, 57w 
discarded because of failure to learn, ап ere 
because of procedural error. The SS pi to 
assigned at random to four groups, subjec e 
the restriction that the first 4 Ss run шеш 
one member of each group, the sec А 
included one member of ebat and on 
Since the decision to include the final eo 
tion day was made after the experiment ‘the 
begun, the respective groups (as listed S о 
Second paragraph of this article) have 0 on 
13, 12, 14, and 15 on the last day but ? 
all other days. 

Apparatus.—The “narrow” T ma 
by Cotton, Lewis, and Metzger (1958 
employed With a Standard Electric 
reading in -01-sec. units. of 

Procedure—Prior to the first P» on 
experimental treatment each S was Pia ys. 

a deprivation and taming schedule for 7 nte 

During each of these days the S was prese 
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ze used 
) was 
timer 
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50 


50 


40 


RUNNING SPEED IN INCHES PER SECOND 


30 


20 


20 30 40 


oc ALL GROUPS AVERAGED 


a AAAAE аА AAEAE AVERAGED 
o AAAAE 


* AAEAE 


TRIALS 


^AEAAE 8 AEEAE AVERAGED 
° AEAAE 
* AEEAE 


50 60 


70 


80 90 100 


TRIALS 


Fic. 1. Empirical and theoretical mean speeds in all stages of the experiment. 


Vith 10 gm, of finely ground Purina lab chow 
a tin cup inside its home cage at 1 hr. past 
the time the S was later to be run., It was not 
Necessary to remove the food once presented 
because all Ss were able to finish it within 
30 min, after the first day or two of scheduling. 
Thus the Ss spent 23-23.5 hr. of the day 
deprived of food. During each of these 7 days 
the S was handled and tamed for 5 min. and 
аз en d to eat six 45-mg. “rewar 

Pellets pega porcelain dish. Any pellets 
not €aten during the 5 min. of taming were 
Placed in S’s home cage. 

Wenty-three hours after the seventh 


Presentation of food, each S received 20 


acquisition trials in the maze. On each trial 
S was placed in the start box and allowed to 
orient toward the door giving access to the 
stem of the maze. Then E opened the door, 
starting the timer. This timer stopped when 
S reached a point 46.25 in. down the stem. 
When S entered an arm, the corresponding 
arm door was closed immediately, preventing 
retracing. The S was left in the arm for a 
minimum of 10 sec. but was allowed more 
time if it was a "correct" choice and S had 
not eaten the reward pellet by the end of 10 
sec. The “correct” side for each S was 
determined according to a prearranged 
random schedule, subject to the restriction 
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that half of the Ss in each group learned to 
run to each side. If S failed to choose an arm 
within 2 min., he was manually lifted and 
placed in the correct goal box and allowed to 
eat the pellet. The intertrial interval was 15 
sec. and was spent in the S’s home cage with 
free access to water. All further acquisition 
sessions were carried out in identical fashion. 

Extinction sessions differed from acquisi- 
tion sessions only in that food (and food dish) 
was never present and in that S was placed in 
a goal box for 10 sec. if he failed to choose in 
less than 2 min. Which goal box he was placed 
in was determined by means of two counter- 
balancing sequences, RLLR and LRRL. One 
of these sequences was assigned to each rat 
before each extinction session by means of a 
coin toss. 


АП running time scores were converted to 
their reciprocals because reciprocal running 
time scores are known to be more nearly 
normally distributed than raw running time 
Scores. After multiplication by 46.25 these 
reciprocals became speed scores in in/sec. 


RESULTS AND Discussion 


The unconnected data points in 
Fig. 1 show the course of running 
speed as a function of trials. An 
analysis of variance comparing the 
four groups and using the mean speed 
of each S during all 20 trials of Day 1 
yielded nonsignificant results; F (3, 76) 
= .67, р> .50. he unconnected 
data points in Fig. 2 show the course 
of choice behavior. Blocks of five 
trials have been averaged and plotted 
at the abscissa points which represent 
the midpoints of five-trial blocks. An 
analysis of variance using the percent 
correct scores for all trials of Day 1 
(which were approximately normally 
distributed) failed to yield significant 
results; F (3, 76) = 2.19, p > 05. 

Since the groups did not differ 
significantly on either response meas. 
ure at the beginning of training, 
several stringent tests of the general 
hypothesis could be made. They are 
summarized in Table 1. Note that 
the first two comparisons of running 
speeds indicate that habit strength 
increased during extinction, though 
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TABLE 1 
TS OF THE NuLL HvrornuEsis THAT 
NCTION TriaLs Do Nor 
ACILITATE REACQUISITION 
PERFORMANCE 


I 


Value 


Test df | Obtained 


Data for Comparison Employed 


" 7* 
Trials 76-80 for respi 


Analysis of 
уз. а 36— 


уагїапсе 


Same as above except | Kruskal- |1 Н = 3.04 


that choice data Wallis 
were used H test 
Trials 56-60 for AEAA Analysis of 1, 58| F = 3 6s 
vs. Trials variance 
= .66 
е as above except | Kruskal- |1 Ha 50 
that choice data Wallis 
were used Н test — 
7 = 1.39 
Trials 76-80 for ; "da 
and AAEA у 
56-60 for 
(speeds) Н = 2.3 
Same as above except | Kruskal- |1 
that choice data Wallis 
were used H test. 


*p < .05. 


the second statistic did not quite 
reach the .05 level of significance. 
The third comparison of rune 
speeds did not even approach a 
tical significance, but this is likely m 
to the fact that the AAEA er 
were running at a nearly asymptotic 
Speed when the first extinction €* 
perience began. h- 
Though the choice data are graP a 
ically in line with the general hy 
pothesis in every instance, statistic? 
Significance was not obtained in ed 
Case. While these results do en 
Support the general hypothes 
neither do they mitigate against it i 
an important way: as Fig. 2 anon 
the animals approached asympt? re 
Performance on this response ene 
very quickly, thereby minimizing ba 
Possibility of obtaining significa 
differences оп the comparisons. " 
The tests which have already а 
described аге all such that reject? 
of the null hypothesis is consiste" 
With the assumption that Ва 


° ALL GROUPS AVERAGED 
* AAAAE & AAEAE AVERAGED 


а zol © AAAAE 
E * AAEAE 
= 
& 
i = — T JN 1 
В 9" lo do 3o 40 50 60 TO 59 5e 199 
5 TRIALS 
S 
ы 100 
g 
z 
Ё 
€ eor 
60} 
| 
*АЕЕАЕ A AEAAE AVERAGED 
| * AEEAE 
wei o AEAAE 
_ Е — 
°- z == ES 40 50 60 то во 90 100 


TRIALS 


Fic. 2. Empirical and theoretical percentages of correct choices in all stages 
dii of the experiment. 


Strength increases during extinction. 
ther possible tests are such that 
Acceptance of the null hypothesis is 
Consistent with the assumption that 
abit strength increases during ex- 
tinction, The general hypothesis 
‘plies that groups will not differ 
арр ыа] at the end of any session 
Which is a reacquisition session for 
оте groups and continued acquisi- 


tion for one or more other groups. 
The AEAA rats did not differ signifi- 
cantly from the AAAA animals on the 
last five trials of Day 3 with respect 
to speeds or choices. The four groups 
did not differ significantly at the end 
of Day 4 or during all 20 trials of Day 
5 with respect to speeds or choices. 
Thus, all six tests of this variety 
support the general hypothesis that 
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TABLE 2 


PARAMETER VALUES UsED 
IN Fic. 1 AND 2 


Parameters Values 
.923 
? ne 
x 43.29 
j 479 
Ag 10.64 
k .0672 
С 418 
п .0561 
Ар" 
Group AAEA 11.89 
Group AEAA 11.61 
Group AEEA 10.68 


з Strictly speaking, the Ap values are not parameter 
values but are consequences of the theory. They are 


presented to facilitate calculation of the theoretical 
curves, 


habit strength increases during ex- 
tinction. 

Curve-fitting the data.—The smooth 
curves in Fig. 1 result from fitting the 
equations of the Cotton, Jensen, and 
Lewis (1962) Paper to the present 


running speed data. The basic equation 
used was: 


Rs = A + KHR 


where Rg is mean г 
the lowest speed at 
stage of the study, K is incentive motiva- 
tion (which increases during acquisition 
and declines during extinction), H is 
habit strength, and Risa construct called 
retention. percentage. Because incorrect 
choices were never rewarded by food in 
the present study, the equations in the 
previous article were simplified to omit 
separate reference to K values for Correct 
and incorrect turns: 


K = (Ko — A4)10-//Ns 


[1] 


unning speed, 4 is 
tainable in a given 


[2] 


during the first acquisition, where Ko is 
the maximum K value attainable with 
the reward magnitude employed, 4, is 
the A value for the first acquisition 
period, j is a growth parameter, and Ng 
is the number of trials under the present 
reinforcement | schedule. During ex. 
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tinction 
K = K'(10-5N5) [3] 
where £ is a decline parameter and 
Kk = KH + A4 — Ак [4] 


H 


with the K and Ag of Equation 4 being 
the value extrapolated for the first *^ 
tinction trial from Equation 2, and the 4 
for extinction, respectively. 

During reacquisition, K has the same 
properties as in Equation 1 except that 
An (the A for reacquisition) replaces Ал. 
The habit strength equation is: 

Н = 1 — B(10-%) [5] 
where B and i are curve-fitting eu. 
and N is the number of previous trials; 


h A s i ce 
including reinforced and nonreinfor! 
trials. 


Note that the predictions in Fig- : 
are good except for Days 2 and 3 My 
Group AEEA. This suggests that ЫШ 
value of k should be larger. da: 
acquisition trials precede extincti! 
than if 40 do. This modification in Ё 
will not be made yet, pending ver! 
fication of its necessity in relate 
experiments. г 

Table 2 presents all geni 
values for this experiment. For a^ 
Strength and retention they are t^ 
Same as in the previous study. Р 

The smooth curves in Fig. 2 presen 
percentages of Correct responses os 
on the theory previously used. 1 Ps 
Probability of a correct response ! 
81/80 of the normal curve integra 


from z =~ 25 to KHR/ 20 where 


z= He ~ By — KHR 
V20 
ES = s i d 
and Ec — È, is normally distribute 
With mean KH but truncated d 
+2.5 (2) from its mean. Ёс а" 


"onm 
I are the momentary effective 


[6] 
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action potentials for the correct and 
incorrect turns, respectively. All 
empirical parameters for fitting the 
Choice data were obtained from the 
Speed data, as in Cotton, Jensen, and 
Lewis. Irregularities in the choice 
data are partially understood by 
noting that for a group of 20 Ss mak- 
ing correct and incorrect choices 
randomly on a trial with Rp (the 
probability of a correct response) 
equal to .90, the standard error of the 
proportion is .067. This rises to .112 
for Rp = .50. 
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SEMANTIC GENERALIZATION OF CONDITIONED 
AUTONOMIC RESPONSES! 


PETER J. LANG, JAMES GEER, лхо MICHAEL HNATIOW 
University of Pittsburgh 


Ss were presented with a series of 


followed by electric shock. Subs: 


words very similar in m 


words. 


The conditioning of autonomic re- 
Sponses to a particular “sense or 
meaning" was first accomplished in 
Russian laboratories in the late '20s, 
and the exploration of this phenom- 
enon has continued to be a 


pre- 
occupation of researchers in that 
country (Razran, 1961). Salivation, 


vasoconstriction of the forehead and 
finger, and possibly blood coagulation 
have been brought under the control 
of verbal stimuli. Evidence that these 
responses then generalized to 
of similar meani 
obtained. 

Work by Americ 
has been more limited, but of no less 
interest. Razran studied the semantic 
generalization of the salivation re- 
sponse in 1939. His findings were 
confirmed by Reiss (1946) in an in- 
vestigation of the galvanic Skin reflex. 
Lacey and his associates (Lacey & 
Smith, 1954; Lacey, Smith, & Green, 
1955) reported generalization of the 
heart rate response to rural words, 
following the pairing of the word 
"cow" and electric shock. Моге 
recently Chatterjee апа Eriksen 
(1960) attempted a re-evaluation of 


stimuli 
ng has also been 


an experimenters 


1 This research was supported in part by 
National Institute of Mental Health Grant 
M-3880. 


neaning to the training stimuli. 
amplitude fell off sharply with the present 


verbal stimuli, some of which were 


equently they were administered un- 
reinforced verbal stimuli, distributed along a 5с; 


extending from words similar to those sho 
Responses in 3 autonomic systems were moni 
graph, heart rate, and GSR). Generalized 


aled meaning dimension 
cked to neutral words. 
tored (finger plethysmo- 
responses were found to 
Response 
ation of less closely related 


the role of awareness in the general- 
ization of meaningful stimuli. le- 

The current experiment was Ce 
signed to determine if semantic gra- 
dients of generalization could be 
obtained, ie., if the strength of 
semantically generalized p qr 
Vary as an orderly function of o 
difference in meaning between w 
stimuli and stimuli remotely situatec 
on the relevant dimension. То | 
complish this Ss were first presenter 
with a series of verbal stimuli, some 
of which were followed by cine 
shock. Subsequently Ss were ас 
ministered unreinforced verbal stimuli, 
distributed along a scaled meaning 
dimension extending from words simi- 
lar to those previously shocked tO 
neutral words. Unlike most previous 
Studies, the investigation was л 
limited to a single dependent variable 

© activity in three different somatic 
response systems (skin resistance 
Peripheral vascular changes, and heat 
rate) was Measured, 


METHOD 
Subjects 


aduate 
——Тһе Ss were 27 undergradua 
male vol 


"tory 
unteers, enrolled in the age ees 
Psychology course at the University of d the 

urgh, Venty of these students forme 


i 5 
experimental gro mployed а 
control Ss. Sroup, and 7 were e 


552 


SEMANTIC GENERALIZATION 


553 


TABLE 1 


EXAMPLES OF THE Four WORD CLASSES EMPLOYED AS STIMULI 
AND THEIR MEDIAN HosriLITY SCALE VALUES 


| Р 
High Hostile (ИН) | Medium Hostile (MH) 


Low Hostile (LH) Neutral (N) 


TORTURE 8&7 | -<conrucr 5.1 
MUTILATING 8.6 SCOLDING 4.8 
FURIOUS 7.2 DERISIVE 4.7 


DISPLEASURE 3.4 NAMELESS 
BLUNT 3.0 RECOMMEND 
CONTEST 1.9 ABSTRACT 


Apparatus.— Tone stimuli were initiated 
by an Eico signal generator. The verbal 
Material was recorded on one track of a 
Concertone 500 stereo tape recorder. АП 
auditory stimuli were put through a 20-w. 
General Electric amplifier and delivered to .S 
via a high fidelity headset. 

The electric shock was provided by a dry 
Cell powered inductorium and administered 
to the ventral surface of the distal phalanges 
of the first two fingers of S's left hand. The 
Presentation of the shock was controlled by 
the second track of the tape recorder. An 
Inaudible electrical signal on the tape started 
a timing circuit, which presented a 4-sec. 
Shock 4.8 sec. after the appropriate verbal 
Stimulus, 

The GSR response was recorded from the 
Second two fingers of the right hand, using the 
Inc electrodes and zinc sulphate paste recom- 
Mended by Lykken (1959). The recording 
Instrument was the Fels dermohmeter with 
Write-out on an Esterline Angus milliammeter. 
"he Grass Model 5 polygraph was used to 
Tecord the standard lead I EKG and the 
finger plethysmograph. The latter measure 
Was taken from the first finger of the right 
Nand utilizing the method reported by 
“meone, Cranley, Grass, Linton, and Lynn 
(1952). 

Verbal stimuli.—The verbal stimuli used in 
this Study were the words scaled for hostility 
Y Buss (1961). College Ss rated words from 

least hostile) to 9 (highest intensity). 
Words showing excessive variability were 
Climinated, leaving a final list of 146. In the 
resent study these words were divided into 
Tee groups: High Hostile (HH), with a 
€ value between 8.7 and 6.5; Medium 
4 stile (MH), scale value between 5.3 and 
"9; Low Hostile (LH), scale value between 
6 and 1.8. These were supplemented by a 
a of Neutral (N) words, judged to be free 

ostile connotation by the Es. Examples 

*ach word class are presented in Table 1. 
Sp "Our tape recordings were made by a male 

°есһ therapist, who was unaware of the 


5с 


purpose of the experiment? Each consisted 
of preliminary instructions, a 22-word condi- 
tioning series, 3 neutral buffer words, and the 
16-word generalization series which provided 


the basic data of the experiment. The 
interval between words was 30 sec. No word 
appeared twice in the same tape. Each 


conditioning series included 10 neutral words 
randomly distributed among 12 high hostile 
words. During conditioning all 12 HH words 
were followed by electric shock. The 16 
words of the generalization. series were 
organized in blocks of 4 that included one 
member of each word class (HH, MH, LH, 
N). Order of presentation varied between 
blocks and was counterbalanced across tapes, 
so that no word class enjoyed a position 
advantage in the experiment. Word classes 
were equated for frequency in the language 
and syllable length. No shock was adminis- 
tered during the generalization series. 

Procedure.—The S was seated in a com- 
fortable lounge chair in a partially sound 
shielded room. After a short period of 
conversation designed to develop rapport and 
enlist interest in the experiment, S was in- 
formed that a "current stimulus" would 
occasionally be applied to his hand. The 
level of shock administered during the 
experiment was adjusted by each S at this 
time. Following attachment of the shock 
electrodes, S was instructed to turn up the 
attenuator on the inductorium until the 
sensation experienced was "clearly uncom- 
fortable.” “It should be painful, but of 
course not intolerable—an experience that 
you find unpleasant, but one that you can 
stand for a few seconds." Because the at- 
tenuator was turned up slowly (allowing tem- 
porary adaptation) and the E constantly 
encouraged increases, the levels set by these 
Ss were uniformly high. The shock level was 
generally greater than that set by the Es, 
trying to follow the same instructions. 


2? These recordings were made with the help 
and advice of Aubrey Epstein of the Depart- 
ment of Speech, University of Pittsburgh. 
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SEMANTIC SIMILARITY 


Fic. 1. The mean GSR scores (log con- 
ductance change) of the experimental group 
for the four categories of hostile word stimuli. 


After this shock adjustment procedure, the 
remaining electrodes were attached and the 
headset placed in position. The S was told 
to sit quietly during the experiment. He was 
informed that after a short rest period he 
would hear some tones and then words over 
the ear phones, and from time to time he 
would experience the current stimulus to the 
hand. The S was instructed to concentrate on 
each word and its meaning. He was told that 
he would be asked to recall the words at the 
end of the experiment. The E then left the 
subject rcom and turned off the lights. The E 
monitored S's behavior from an adjacent 
equipment room which contained the tape 
recorder and bioelectric recording apparatus. 

Following a 1-min. rest, three 800-cps 
tones at about 85 db. were presented so that 
E could adjust the sensitivity level of the 
recording apparatus. The $ subsequently 
rested for 9 min. after which one of the four 
prerecorded tapes was presented. The 
specific tapes were distributed randomly 
across Ss with the restriction that each tape 
was presented to 5 different Ss, Following the 
conditioning portion of the tape E entered the 
room, inspected the seating of the electrodes, 
and told S that the experiment would con- 
tinue for a few more minutes, Three minutes 
after E left the room the buffer words were 
presented followed by the generalization 
series. 

Control Ss.— These Ss were administered 
only the generalization series and received no 
electric shock. Тһе ѕате autonomic responses 
were recorded as in the experimental group. 
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RESULTS 


GSR.—The S's responses to the 
words of the generalization series were 
determined in the following manner. 
The minimum resistance in ohms 
achieved during the 20 sec. after 
stimulus onset was subtacted from S’s 
Skin resistance when the word was 
presented. This value was employed 
as the response measure, unless no 
decrease in resistance was apparent. 
In that case S was assigned a score of 
zero. The primary estimate of gen- 
eralization was based on each 5 
mean response to all presentations O 
each of the four word categories. The 
group means of these data yielded : 
gradient which extended from а 
maximum decrease in resistance at the 
HH words, to a minimum resistance 
change at the LH and N stimuli. 1 his 
characteristic was shared by gradients 
obtained from the group medians 
(rather than means), and from scores 
based on resistance changes 10 10° 
stead of 20 sec. after stimulus onset 
Because the data were not normal y 
distributed, the Friedman маал, 
analysis by ranks was employe 
evaluate the significance of this ed 
This test yielded a x,?— 10.95, Р Yo j 
In order to normalize the distribu 
tion, and thus justify the use ? 
parametric statistics, the resistance 
change scores were transformed s 
units of log conductance change: E 
Semantic generalization gradient 18 
Scribed by the transformed data a 
presented in Fig. 1. The me 
analysis of variance evaluated the Ts 
within-S variables, successive bloc 
and words, and their interact, 
was also designed to analyze t^ ds 
components of the between-wWo Ñ) 
variance: HH vs. (MH + LH A In 
N vs. (MH + LH), MH vs. LH- A 
this way the degree of generalizati? 
to members of the reinforced WO 


ree 
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TABLE 2 
ANALYSIS OF VARIANCE FOR THE GSR RESPONSE 
Source df MS F 
Ss 19 4.428 
Blocks (B) 3 3.318 8.07** 
BX Ss 57 411 
Words (W) 3 ‚551 2.23 
HH уз. (MH + LH + № 1 1.694 6.70* 
N vs. (MH + LH) 1 .005 pas 
MH vs. LH 1 .008 — 
W X Ss 57 .247 
HH vs. (MH + LH + N) X Ss 19 .253 
N vs. (MH + LH) X Ss 19 228 
MH vs. LH X Ss 19 .282 
W Xx B 9 233 — 
HH vs. (MH + LH + N) X B 3 .259 1.15 
N vs. (MH + LH) X B 3 .058 — 
MH vs. LH X B 3 334 1.03 
WX BX 5 171 -246 
HH vs. (MH + LH + N) X B X Ss 57 .225 
N vs. (MH + LH) X B X Ss 57 313 
MH vs. LH X B X Ss 57 ‚326 
Note.—Log conductance change scores. 
* 5 «05, 
**$ <.01 


class (HH stimuli) could be compared 
to the remaining hostile and neutral 
Stimuli, and the most meaningful com- 
Parisons among these latter three 
Word classes (MH, LH, and N) would 

e separately evaluated.? 

The results of the above analysis 
are presented in Table 2. Тһе 
Significant F associated with blocks 
indicates the rapid extinction of the 
GSR response. It will be noted that 
differences between words are wholly 
accounted for by the significant differ- 
ence between the high hostile words 
and the remaining stimuli taken as a 
Sroup. There is no evidence of a 
Significant interaction between the 
two main effects or the component 
Variables. 

Heart rate response.—The heart rate 
esponse was determined in the fol- 
Owing manner. For each S the 


"The authors are indebted to William 
en dig, who designed the analysis. We would 
50 like to thank Gary Levinson and Robert 
later, who assisted with the data reduction 


an $- 2 
Ч statistical computation. 


number of interpulse (R-R) intervals 
between the presentation of the 
stimulus word and shock onset was 
determined from the conditioning 
data. In measuring the responses of 
the generalization series, an equal 
number of intervals was counted after 
the stimulus word, and a 4-sec. period 
beginning at this ordinal pulse was 
marked off on the EKG record. ‘The 
S's response was simply the mean 
interval (in milliseconds) between all 
pulses beginning within this 4-sec. 
period. As others have found (Not- 


TABLE 3 


MEAN PostsTIMULUS INTERPULSE INTERVAL 
. AND CARDIAC LABILITY SCORES FOR THE 
Four Worp CLASSES: EXPERIMENTAL 
Grour 


| mi MH | LH N 


850 | 836 | 848 | 833 
52| 50| 50| 48 


Interpulse interval 
Lability score 


Note.—The interpulse interval is reported in milli- 
seconds. The autonomic lability scores are the same as 
those described by Lacey and Smith (1954). s 
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TABLE 4 


EXPERIMENTAL GROUP PLETHYSMOGRAPH 
FINDINGS FOR THE FOUR 
Worp CLASSES 


HH | MH| LH | N 


Mean decrease in finger | 7.6 | 4.9 
volume (Blocks I and 
II) 


5.6 | 4.5 


| 


Note.—The difference Scores are expressed in 
mm?/5 cm? of finger volume. N — 8. 


terman, Schoenfeld, & Bersh, 1952) 
increasing amplitude of the response 
is associated with longer interpulse 
intervals and slower rates; diminished 
amplitude is represented by shorter 
intervals and a relatively more rapid 
rate of cardiac activity. 

The primary estimate of generaliza- 
tion is based on each S's mean re- 
Sponses to all presentations of each of 
the four word categories. The group 
mean interpulse intervals are pre- 
sented in Table 3. A Friedman 
analysis of differences between words 
was significant well beyond the .01 
level (х2 = 13.40). However, the 
curve is not monotonic. Although the 
HH and N words provide the maxi- 
mum and minimum intervals, re- 
spectively, the positions of the MH 
and LH stimuli are inverted. A 
second analysis of these data 
undertaken utilizing 
measure developed 
Each S’s responses are expressed as 
deviations from a regression line, 
described by the average pulse during 
the CS-UCS interval and the average 
interpulse interval 7 sec, prior to 
stimulus onset. The slope (Table 3) 
is in the predicted direction. How- 
ever, only the HH vs. (MH + LH 


was 
the lability score 
by Lacey (1954). 


1 The prestimulus measure was taken at 
this point because, for some Ss, a procedural 
artifact compromised the validity of cardiac 
data immediately prior to the presentation of 


the CS. 
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+ № component of the between- 
words variance approached signifi- 
cance, F (1, 19) — 3.08, p < .10. ; 

Finger plethysmograph.—Because 0 
recording problems, the plethysmo- 
graph records of 9 Ss were lost. In 
order to preserve counterbalancing it 
Was necessary to further reduce the 
group to 8 (on the basis of a random 
selection from among the eligible 5s) 
before analysis of the data could be 
undertaken. The response measured 
was the maximum reduction in finger 
volume attained during the first wave 
of vasoconstriction following the pres- 
entation of the stimulus (recorded «d 
mm*/5 cm? of finger volume). 28 
may be seen in Table 4 these findings 
parallel those obtained from the other 
two dependent variables. Greater я 
duction in finger volume tends ES 
associated with an increase in e 
semantic similarity of the stimulus k | 
the training words, The means of the 
first two blocks of words are cp 
because of the rapid flattening of t S 
gradient which occurred after the D 
four words were presented. Becaus 
of the small number of Ss with scor- 
able plethysmograph records, none o 
these data achieved statistical 516 
nificance, 


TABLE 5 


MEAN CONTROL Group Scores FOR 
THE Four Worp CLASSES 


HH | MH | LH 


N 
GSR " 
Log conductance 1.07 [1.24 [1.30 |1. 
change 


4 
Interpulse interval | 722 | 732 | 727 i 


Lability score 51| 48| 51 
„169 ap Kar Moe) TM 


ions- 

1 control Ss аге included in all calculates 
graph data are not presente $ cause 

perimental Ss, recording problems e is. 
many Tésponses and some entire $C were 
vere tom complete or partial recores How- 
ever, а c. re. too few to meaningfully average. 5; not 
reveal ац еш Inspection of these tracings. Ge an 
word class, “lationship between response атр! 


man ey | 


The Ss for 
available w 


SEMANTIC GENERALIZATION 


Control Ss.—lnspection of the re- 
sponses presented by the Control Ss 
revealed no gradient or gradient trend 
in any of the three dependent vari- 
ables considered in this experiment. 
Their average scores for heart rate and 
GSR are presented in Table 5. 


DISCUSSION 


The data provide clear evidence of the 
semantic generalization of the GSR 
response. The Ss who had received 
electric shock following the presentation 
of high hostile words, displayed greater 
skin resistance changes to other members 
of this word class (unaccompanied by 
shock) than to less hostile or neutral 
Words. However, the generalization 
Bradient defined by this response (Fig. 1) 
is extremely steep. A careful inspection 
of the raw data reveals little evidence 
of a differentiating response below a 
Scale value of 5 (the median stimulus of 
the MH group). This finding is in- 
Consistant with studies of the general- 
ization of instrumental responses to the 
Same words (Buss, 1961; Geer & Buss, 
1962). These authors report generalized 
Tesponses along the entire length of the 
Scale, following a number of different 
training procedures. While this dis- 
crepancy may yet reflect differences in 
Procedure, it also suggests that these 
response systems differ markedly in the 
Character of their discriminations be- 
tween stimuli. 

Razran (1961) reports the only study 
of classically conditioned semantic gen- 
*ralization, in which graded variations in 
Stmilarity between test stimuli and a 
training word are evaluated. The Rus- 
Sian investigators, Vinogradova and 
"ysler, employed electric shock as a UCS 
and recorded changes in the finger and 
9rehead plethysmograph. They found 
two different responses, depending on the 
Semantic proximity of the test stimulus 
9 the training word. Thus, a highly 
Similar word produced vasoconstriction 

both the forehead and digit (the same 
sponse observed in the present experi- 

€nt), whereas words less similar in 
Meaning yielded vasodilation in the 
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an 


forehead plethysmograph. Similarly, the 
GSR response (which can meaningfully 
change in only one direction) may be 
specific to closely related words. Organ 
systems other than those evaluated 
here may parallel instrumental behavior, 
yielding responses to more remote 
stimuli. The present experiment pro- 
vides evidence that the heart rate 
response discriminates between hostile 
and neutral words. However, different 
methods of measurement do not yield 
consistant gradient shapes. It is inter- 
esting to note that the response in this 
study was cardiac deceleration, whereas 
Lacey and Smith (1954) report the 
semantic conditioning of cardiac ac- 
celeration, This is apparently attribut- 
able to method. It will be recalled that 
Lacey and Smith’s Ss tapped a telegraph 
key for 15 sec. following the presentation 
of the training stimuli and then received 
an electric shock. The procedure used 
here, and the direction of rate change, 
is more similar to that of Notterman, 
Schoenfeld, and Bersh (1952). 

The Lacey and Smith findings also 
suggest that the heart rate response 
yields better discrimination between 
related and unrelated stimuli than was 
obtained in this experiment. However, 
differences in experimental procedure 
may very well account for our failure to 
replicate. In the Lacey and Smith study, 
Ss were instructed to chain associate to 
the training stimulus during the tapping 
period. This meant that shock followed 
both the E's CS and a string of related, 
verbal responses emitted by S. It is 
reasonable to assume that S's associa- 
tions during the 15-sec. CS-UCS interval 
overlapped the related words used in the 
generalization series. If this is true, the 
experiment could be testing for general- 
ization, using words that had in effect 
been followed by shock.® 


5 Davis, Lundervold, and Miller (1957) 
report that cardiac acceleration is elicited by 
paced tapping. 

€ John I. Lacy in a personal communica- 
tion, September 17, 1962 has anticipated this 
interpretation and evaluated its importance 
in a subsequent analysis of the original data: 


The chain associations of the subjects 
were tape recorded. All the words which 
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A final word should be said about 
semantic conditioning. It has been fre- 
quently stressed that the expression of 
verbal material is altered if the words 
have strong autonomic correlates. In- 
terest has been focused on semantic 
conditioning as an explanation of dis- 
turbances of language, e.g., "complex in- 
dicators." However, the most important 
feature of this process is that language 
can control autonomic activity. In the 
present instance, a verbal concept (hos- 
tility) provided the stimulus for char- 
acteristic changes in a number of somatic 
systems. Recently, Shearn (1961) has 
shown that human Ss, attending to their 
own pulse beat, can learn to avoid electric 
shock by reducing their cardiac rate. 
Similarly, the Russian 


investigator, 
Lisina (Razran, 1961), reports that Ss 
watching their own plethysmograph 


records, transformed digital vasocon- 
striction into vasodilation in order to 


the subject used in association to the 
"conditioned stimulus" (let us say “cow,” 
in one of our groups) were tabulated. 
Then, we went through all the words 
Produced in association to the so-called 
“generalization” stimuli. We tabulated 
the number of times the subject mentioned 
words in association to the generalization 
stimuli that he had Previously mentioned 
in association to the conditioned stimulus. 
A percentage measure was then taken 
expressing the communality of associations 
to the generalization stimuli and to the 
conditioned stimuli. Thus, an individual 
with a high percentage of communality 
tended, in associating to the generalization 
stimuli, to use the same words he had used 
for the conditioned stimulus. We then 
split the group into high and low com- 
munality of associations, using a median 
split. The results were as you might have 
expected. Those with high communality 
associations showed beautiful "generaliza- 
tion curves." Those with low communality 
of association showed poor results. The 
trend-differences between the high and low 
communality of the groups were signifi- 
cantly different. 


These findings are extremely important, 
and tempt one to speculate that semantic 
generalization only occurs when the general- 
jzation stimuli are explicitly or implicitly 
verbalized during conditioning. 
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avoid electric shock. In these cases, S's 
self-instructions (based on learned rela- 
tions between cardiovascular activity 
and implicit verbal responses?) initiated 
important defensive responses. Clearly, 
the nature of interactions between verbal 
and autonomic systems deserves the 
increasing attention of researchers. 
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DIFFERENTIAL GSR CONDITIONING AS À FUNCTION 
OF THE CS-UCS INTERVAL 


H. D. KIMMEL Ахр H. S. PENNYPACKER ! 


University of Florida 


Differential GSR conditioning at 4 CS-UCS intervals, 1, $, 1, and 2 sec., 
was studied, with 16 Ss in each condition. 16 reinforcements of CS4- and 
nonreinforcements of CS— were given, the CSs being 40-db. tones of 800 
or 1000 cps. The UCS was an electric shock. Nonreinforced trials on 
CS+ were given after 4, 8, and 16 reinforcements. Differential condi- 
tioning increased as a function of the CS-UCS interval. The advantage 
of the 2-sec. condition was due in part to the low response to CS—. Later 
in conditioning the GSR to CS4- reduced in the 2-sec. condition but not 
in the others. These results were attributed to the more rapid growth 
of inhibition in the longer CS-UCS intervals. 


The function relating the strength 
of simple classical conditioning to the 
temporal interval between the onsets 
of the conditioned and unconditioned 
stimuli (the CS-UCS interval) has 
been a frequent subject of study 
(Kimble, 1961). The typical finding 
of these studies has been that the CS- 
UCS interval function rises to a maxi- 
mum in the neighborhood of .5 sec. 
and falls sharply beyond intervals of 
1 sec. 

Only recently has any work been 
reported on the CS-UCS interval in 
differential conditioning (Hartman & 
Grant, 1962). In that study CS-UCS 
intervals up to 1 sec. were used and 
the degree of differential eyelid con- 
ditioning was studied. lt was found 
that the amount of differential eyelid 
conditioning increased as the CS-UCS 
interval increased. Hartman and 
Grant attributed this effect to reduced 
generalization to the negative CS at 
the longer intervals rather than to 
increased responding to the positive 
CS at these intervals. Their positive 


1 This study was done while the senior 
author was a Visiting Assistant Professor and 

e junior author a United States Public 

ealth Service Predoctoral Research Fellow 
3t Duke University. 


CS, in fact, showed the conventional 
peak in response frequency at about 
.6 sec. 

In the present study four groups of 
Ss received differential reinforcement 
of two auditory CSs of different fre- 
quencies, each group having a differ- 
ent CS-UCS interval (and CS dura- 
tion) during training. Differential 
conditioning was evaluated by com- 
paring responses on nonreinforced 
test trials with the positive CS with 
responses on corresponding trials with 
the negative CS. It was expected 
that the groups trained with the 
longer CS-UCS intervals would re- 
quire fewer training trials to reach 
maximal strength of differential con- 
ditioning but would also be influenced 
most later in the conditioning process 
by inhibitory factors that tend to 
overcome CR strength of the positive 
CS. This expectation was based on 
earlier findings (Grings, Lockhart, & 
Dameron, 1963; Kimmel, 1959; Mery- 
man, 1953) which, taken together, 
suggested that the number of trials 
coinciding with the highest point in 
the curve of conditioned GSR ampli- 
tude is inversely related to the CS. 
UCS interval in simple classical 
conditioning. 
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METHOD 


Subjects.—Sixty-four introductory psy- 
chology students at Duke University volun- 
teered to serve as Ss to meet a class require- 
ment. They were assigned randomly to four 
equal sized CS-UCS interval groups. 

Instructions.—The Ss were informed that 
two tones differing in frequency and an 
electric shock would be used. The instruc- 
tions also stated that the shock would be 
associated with one of the two tones and that 
they were to attend to the stimuli to determine 
with which tone the shock was associated. 
Previous research (Grings & Kimmel, 1959) 
and preliminary work in this laboratory sug- 

. gested that if the Ss were not instructed in 
this way, the degree of differential responding 
to the positive and negative CSs would be 
reduced. The Ss were, otherwise, led to 
believe that this was a study of the effect of 
environmental stimuli on the GSR. 

Apparalus.—The CSs were both 40-db. 
(re: .0002 dynes/cm?, rated at the earphone) 
pure tones produced by General Radio Com- 
pany equipment and delivered to S via 
Trimm ANB-1 headphones with MX-41-AR 
cushions. One tone hada frequency of 1,000 
cpsand the other 800 cps. The determination 
of which tone was to be the positive CS and 
which the negative CS was randomly balanced 
within CS-UCS interval groups. 

The UCS was an electric shock delivered 
via silver electrodes to the fingertips of S's 
right hand and produced by 
Instruments Company stimulator. Its in- 
tensity, for an S with a hypothetical resistance 
of 25,000 ohms, was 50 v. and 2 ma. 

Temporal relations of the stimuli were 
controlled electronically. Each of the four 
groups had a CS of different duration. These 
were: 0.35, .60, 1.10, and 2.10 sec., for the 
positive and negative CSs, The UCS 
duration was .10 sec. sharing the last .10 sec. 
of the positive CS's presentation and termi- 
nating with it. The four CS-UCS intervals, 
thus, were: .25, .50, 1, and 2 sec. The CS 
duration was confounded with the CS-UCS 
interval intentionally in preference to using a 
constant CS duration and, consequently, 
confounding CS-UCS overlap with the С$- 

JCS interval. 

ы GSR was picked up by means of an 
NaCl-zinc-skin junction from the palm and 
back of the left hand, amplified by a Hunter 
GSR apparatus, and recorded on an Esterline- 

; ink-writing milliammeter with a paper 
Aen i 3 in/min. The response, defined as 
x ape ls recorder deflection within 4 sec. 
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of the CS onset, was transformed into units 
of log (AC 4- 1) for analysis. х 
Procedure.—Data were collected in a quiet, 
dark room. The hum of an electric fan 
masked extraneous sounds. The Æ and the 
equipment were in an adjoining room. W hen 
the S arrived at the laboratory, the equip- 
ment was attached and the typewritten 
instructions read by him. Then the door to 
the experimental room was closed and data 
collection was begun. " 
Each S first received 2 presentations eac ; 
of the positive and negative CSs, in ABBA os 
BAAB order. Then three shocks his 
delivered, in intensity increments up to pos 
value used during training. Two E 
presentations were then given of the ROS AB 
and negative CSs, again in ABBA or BA? ? 
order. The differential conditioning rib 
cedure was then begun. ‘This consisted is ia 
presentations of the positive CS plus PCS 
and 16 presentations of the negative, 67: 
broken into blocks of eight trials сода. 
presentations of each CS, in ABBABAA x 
BAABABBA order. Nonreinforced ы е 
trials on the positive CS and the nei icer 
were given following 4, 8, and 16 rein е 
ments, i.e, following each of the jus 
eight-trial blocks and following the last cg 8 
trial block. On these extra trials, the ыны 
positive and negative CSs was balanced ac 
Ss within CS-UCS interval groups. 


RESULTS 


m itude 
Figure 1 shows the mean amplitu 


of the GSR to the positive and пева 
tive CSs as a function of the CS-U! б 
interval, at three stages of кайр 
and averaged across all stages. l 
response values for the positive ials 
were obtained on the test te 
following 4, 8, and 16 reinforcement 
The corresponding response values pe 
the negative CS were obtained 5 
averaging the GSRs on negative 
trials No, 4-5-6, 9-10-11, and 
18-19, t 
Figure 1 indicates that the ens 
of differential conditioning was POS 
tively related to the CS-UCS ag 
at all three stages of training vim 
Overall, but that the effect on 
less marked on the third test galos 
ing 16 reinforcements). А three-W 
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Test After 4 Reinforcements 


Test After 16 Reinforcements 


GSR Amplitude (log (]105AC * 13) 


1/2 i 
CS-UCS Interval 


1/4 
(sec) 


Fic. 1. 
following 


analysis of variance (Differential Re- 
inforcement, CS-UCS Intervals, and 
Stages of Training) showed that the 
eflects of Differential Reinforcement 
and Stages of Reinforcement were 
both highly significant ($ < .01) and 
the interaction of CS-UCS Intervals 
and Differential Reinforcement was 
significant (p < 05). This analysis 
is summarized in Table 1. 

The degree to which the amplitude 
of the (generalized) GSR to the nega- 
tive CS changed over trials during 
differential reinforcement is shown in 
Fig. 2. In the 2-sec. condition, the 
amplitude of the GSR to the negative 
CS appeared to show less of a pro- 
gressive increase from trial to trial 
during training than was shown by the 
Other conditions. In the .50- and 
1-sec. conditions the amplitude of the 
GSR to the negative CS appeared to 


2 


Test After 8 Reinforcements 


Average of All Tests 


1/2 l 2 
CS-UCS Interval 


1/4 


(sec) 


Mean GSR amplitude (log [109AC + 1]) to the positive and negative CSs 
4, 8, and 16 reinforcements as 


a function of the CS-UCS interval. 


increase throughout training, while in 
the .25-sec. condition it appeared to 
rise for about eight trials and then 


TABLE 1 


ANALYSIS OF VARIANCE OF GSRs то Positive 
AND NEGATIVE CSs AFTER 4, 8, 
AND 16 REINFORCEMENTS 


Source df MS F 
Ss 63|0.3438| — 
CS-UCS intervals (I) 3 | 0.2060 ns 
Ss/within I 60 | 0.3507 — 
Differential reinforcement 1 | 0.9842 | 40.67*** 

(DR) 

DR XI "T 3|0.0771| 3.19* 
DR X Ss/within I 60 | 0.0242 — 
Reinforcement stages (RS) 2|0.1270| 5.52** 
RSSI 6 | 0.0340 A 
RS X Ss/within I 120| 0.0230 — 
DR X RS 2 | 0.0222 нё 
DRXRSXL , 6 | 0.0083 XS 
DR X RS X Ss/within I 120 | 0.0158 — 
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AMPLITUDE 


50 


GSR 


l-2 3-4 5-6 7-8 


NUMBER OF PRESENTATIONS О 


Mean GSR amplitude (log [10°AC + 17 to th 
reinforcement training (averaged in blocks of t 


Fic. 2. 


fall. Analysis of variance of the GSRs 
to the negative CS, using only the 
data from the first and last two-trial 
stages in Fig. 2, for simplicity, showed 
that the overall increase in GSR 
amplitude to the negative. CS dur- 
ing training was highly significant, 
F (1, 60) = 34.39, and that the inter. 
action of this increase and CS-UCS 
intervals was also very significant, 
F (3, 60) = 4.32, the latter supporting 
the observation that the change in 
GSR amplitude to the negative CS 
differed in the various CS-UCS in- 
terval conditions. Error variance for 
these tests was 0.0277 (in single trial 
unite). DISCUSSION 
В i ditioning of the GSR 
i n pee "id increasing 
wi 


9-10 1-12 13-14 


15-16 1748 
F CS- DURING TRAINING 


s à A tial 
€ four negative CSs during differentia 
Wo trials to increase stability). 


CS-UCS intervals, 
to be due in part to 
responding to the 
2-sec. conditio 


This effect appeared 
considerably Pes 
negative CS in the 

n as compared to the other 
conditions. The superiority of the 2-sec: 
CS-UCS interval condition tended to be 
reduced Somewhat by further training, 
however, since it appeared to be least 
Pronounced on the test following ike 
reinforcements, This apparent deteri- 


Oration in differential conditioning in the 


2-sec. condition Was not manifested in 
a significant thr 


n 1 5 
€e-way interaction, а 
Would have been required to support а 
definitive conclusi 


on. 
In discussing their more or less similar 


esults in a differential eyelid е 
t, Hartman and Gran 


arately, showed a i 
CS interval function wit | 
Sec. Superior differentia 
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conditioning at the longer CS-UCS 
intervals could, in that study, be at- 
tributed to the low level of response to 
the negative CS at the longer intervals. 
As Hartman and Grant pointed out, 
reduced responding to the negative CS 
at the longer intervals could have been 
due either to the presence of a more 
"complete" perceptual response to the 
positiveness and negativeness of the 
stimuli or to the possibility that in- 
hibition of a response may require more 
time. They indicated some preference 
for the explanation involving an inhibi- 
tory concept. К 

In the data of the present experiment, 
the conventional CS-UCS interval func- 
tion for the positive CS was not as 
readily discernible, although the data 
Seemed to be moving in that direction 
in the later training trials. Of interest 
in relation. to the possibility that an 
inhibitory process was responsible for 
reduced responding to the negative CS 
in our 2-sec. condition was the fact that 
only in this condition did the GSR 
amplitude curve to the positive CS 
drop between 8 and 16 reinforcements. 
It is possible that this fall-off in respond- 
ing to the positive CS in the 2-sec. 
Condition reflected a greater generaliza- 
tion of inhibition from the negative to 
the positive CS than occurred in the 
Other conditions. It has previously been 
found (Kimmel, 1959) that a peak in the 
GSR amplitude curve over reinforced 
trials occurs after about 6 reinforcements 
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when the CS-UCS interval is 4 sec., 
probably as a result of the development 
of inhibition during reinforcement. 
Meryman (1953), using a trace paradigm 
and an interval of 19 sec., found a peak 
after only two or three trials. These 
earlier findings support the notion that 
inhibition, at least that which attenuates 
the GSR to a positive CS during rein- 
forcement, builds up more rapidly over 
trials when long CS-UCS intervals are 
used. 
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Earlier experiments on short time periods have shown time estimates 


to be inversely related to rate of progress th 


motivation to reach a goal. 
variables for 15-, 30-, 45- 
with 2 rates of progress 
under each of the 4 conditions. 


maze. The conclusion is that Ss’ 
to rate of progress under high m 


motivation for all periods except 


short of significance at the -05 level of con 


Nearly all experimental investiga- 
tions of time estimation have dealt 
with short lengths of time and only a 
few experiments have studied this 
process for periods of more than 5 ог 
10 min. Loehlin (1956) used periods 
up to 20 min. Sterzinger (1935) re- 
ports the effects of drugs on time 
estimates between 25 min. and 1 hr. 
Faville (1937), also Studying the 
effects of drugs used a 45-min. period 
while Bakan (1955) used 60-min. 
periods. Berman (1939) studied the 
effect of satiation on time estimates 
and his Ss took various amounts of 
time up to 122 min. However, there 
has as yet been no Systematic study 
of the perception of longer time in- 
tervals and further study is needed. 

Recently, studies have shown that 
certain motivational factors affect the 
perception of time intervals. Hindle 
(1951) has demonstrated that per- 
ceived time is inversely related to 
perceived progress rate through a 
task. Meade (1959, 1960) has shown 
that when Ss are motivated to reach 
a goal, their time estimates are in- 
versely related to perceived progress 

1 This investigation was supported by a 


arch grant, M-3193, from the National 
pem end of Mental Health, Public Health 


Service. 


rough a task when there is 


This study tested the effects of these 
‚ and 60-min. periods, 
and 2 levels of motivation was used with 10 Ss 


A factorial design 


The experimental task was a stylus 
time estimates are inversely related 
otivation but unrelated under low 
45 min., where the results fell just 
fidence. 


but that this effect does not hold 
when Ss are not motivated to reach 
a goal. 

The present study was designed to 
determine whether the motivational 
and rate of progress conditions which 
affect estimates of short times extend 
to longer periods up to 1 hr. 


METHOD 


Design.—The experiments employed и 
factorial design with two independent bos 
ables, motivation and rate of progress, which 
assumed two values each. There was ae 
experimental replication for four differen 
periods of time; 15, 30, 45, and 60 min. n 

Subjects. —Опе hundred sixty male under- 
graduate college students were used as 55 Ш 
this experiment. For each replication, there 
were 10 Ss in each of the four experimenta 
Conditions and each S was used in one 
condition only, 

Apparatus.—The apparatus consisted ofa 
Paper-and-pencil achievement test, a stylus 


maze, and a blindfold, Timing was done with 
а Stop watch, 


Control of Independent Variables 


Motivation. —]t was intended that the 
motivation variable be controlled by using 
two values of ego orientation as described by 
Iverson and Reuder (1956). By using !n- 
structions informing Ss that the outcome О 
their work on the maze part of the experiment 
was a reflection of their intelligence an 
Seneral ability, it was intended to bring about 
a condition of high motivation to do well. 
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By using instructions informing Ss that their 
work on the maze was of no importance and 
probably a ste of their effort, it was 
intended to bring about a condition of low 
motivation. 

The motivation instructions were given to 
S just before he began work on the maze, 
Which was the part of the experiment for 
Which he was to give a time estimate. 

Rate of progress.—V'rior to starting work 
on the stylus maze, all Ss were told that the 
maze was made up of 40 continuous but 
irregular regions with the goal at the fortieth 
region. They were told that they would be 
given a series of trials to find their way 
through the maze to the goal region. The Ss 
were informed that after each trial, they 
would be told which region of the maze they 
had reached to give them some idea of how 
well they were progressing. In addition, Ss 
were told that they would begin working on 
the maze at the point they reached in a free 
trial in which they would bring the stylus 
down on a point in the maze while they were 
blindfolded. 

The Ss in the slow progress group were 
told they had reached Region No. 17 оп the 
free trial in the maze. In the 12 trials which 
followed, they were given scores, which 
indicated they had advanced one region per 
trial or no region at all. On the twelfth and 
final trial, they were told that they had 
reached Region No. 20. On five of the trials, 
Ss were told that they were progressing 
slowly in addition to the contrived scores 
Which E gave them. | 4 

The Ss in the fast progress group w ere ч d 
that they had reached Region No. 1 on the 
free trial in the maze. In the 12 trials which 
followed, they were given scores which 
indicated they had advanced one or more 
regions on every trial. In the latter trials 
Of the series, their advancement through the 
Maze was made to appear to be accelerating 
Y giving scores which indicated ушеш! 
Considerably above their previous rate. id 
the twelfth and final trial, they were ees 
that they had reached Region No. 20 whic 
Was the same score made by the low peces 
Eroup on the last trial. On 5 of the tria S, 
Ss were told that they were progressing 
"apidly in addition to the contrived scores 

€y were given. 

Procedure.—As 
laboratory, E, who w 


Ss were brought into the 
as not wearing a watch, 
Temarked that his watch was out of order and 
asked to borrow S'S if he had one. This 

€prived S of an objective means of estimating 
time. The 5 was then given instructions for 

€ achievement test on which he worked for 
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a period of time equal to that which he would 
spend on the maze. The achievement test 
was used to provide S with a standard time 
interval with which he could compare time on 
the maze portion of the procedure which 
followed. 

When S had finished working the required 
time on the achievement test, he was given 
the appropriate instructions for the experi- 
mental condition under which he was to serve. 
He was blindfolded and given the trials on the 
maze in accordance with the progress group 
of which he was a member. All Ss had 12 
trials, each of which was followed by a rest 
pause. During the rest period, E gave S his 
score for that trial and other information as 
indicated above. 

The lengths of trials and rest pauses for 
the four different time periods were propor- 
tional. For the 15-min. period, trials were 
65 sec. in length and rest pauses 10 sec. For 
30-min. periods, trials were 130 sec. and rest 
pauses 20 sec. For 45-min. periods, tria 
were 195 sec. and rest pauses 30 sec. For 
60-min. periods, trials were 260 sec. and rest 
pauses 40 sec. 

At the end of the 12 trials, Ss were given 
the following interview: 


1. Now, you have been working for some 
time on the paper-and-pencil test and on 
this maze. Tell me, on which one, the 
paper test or the maze, does it seem that 
you were working the longer? 1 am not 
interested in your accuracy of making this 
judgment but only which one actually 
seemed to be subjectively longer to you. ` 

2. Allright, now let ussay that the paper- 
and-pencil test was — min. long altogether. 
You said that the maze seemed to be longer 
(shorter). Now, using that — min. period 
as a kind of standard, give me your best 
estimate in min. and sec. of how much 
longer (shorter) the maze seemed to you. 
Again, I am not interested at all in your 


accuracy but just how much longer 
(shorter) it seemed to you. 
3. Now, let us consider your goal 


progress through the maze. What are your 
feelings about moving in the direction of the 
goal? Do you think you were making 
progress in the maze? 


Only Ss who indicated that they felt they 
were making steady progress toward the 
maze were retained in the fast progress data 
and only Ss who felt they were doing poorly 
were retained in the slow progress group. 
The Ss’ responses to Question No. 2 added to 
(or subtracted from) the amount of time 


566 ROBERT 


TABLE 1 


TIME ESTIMATES OF Four PERIODS AS 
AFFECTED BY MOTIVATION AND 
RATE OF PROGRESS 


15 Min. | 30 Min. | 45 Min. | 60 Min. 


Moti- 
vation 


Slow| Fast| Slow 


Fast| Slow| Fast| Slow| Fast 
16.9 | 17.2 БИЕ 50.8 | 49.8 | 64.0 | 65.5 


Low 


High |16.1 | 12.6 | 31.0 | 21.7 | 50.6 | 45.9 | 69.0 | 59.5 


taken for the paper-and-pencil test constituted 
the dependent variable. 


RESULTS 

The average times for the four 
conditions of each of the 15-, 30-, 45-, 
and 60-min. time periods are found in 
Table 1 and the analysis of variance 
for these data in Table 2. 

The results for the several time 
periods show that both motivation, 
rate of progress and the interaction 
between these two variables produced 


TABLE 2 


ANALYSIS OF VARIANCE oF TIME ESTIMATES 
FOR FOUR PERIODS 


Periods Variable df MS F 
Motivation (M)| 1 | 201.78 9.25** 
. | Rate (R) l| 129.38 5.29* 
15min. M XR l| 116.00) 4.74* 
Within 36 24.45 
Total 3 35.19 
M 1| 524.00] 8.08** 
R 1 | 383.00) 5.90* 
30 min. | M xR 1| 326.10) 5.03* 
Within 36 | 64.87 
Total 39 91.50 
M 1| 429.30|4.06 
R l| 437.30|4.13* 
45 min.| M XR 1| 432.20|4.09 
Within 36 | 105.76 
Total 39 | 130.92 
M 1| 984.00|4.38* 
R 1 pe 4.22* 
in| M XR 1,051.00| 4.68* 
uml L 7o 36 | 224.64 
"Total 39 | 283.85 
.05 
ies $ .01 
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significant variation in the time 
estimates. The one exception was for 
the 45-min. period where the progress 
variable was significant while both 
the motivation variable and its inter- 
action with rate fell just short of 
significance at the .05 level of con- 
fidence. The pattern for the 45-min. 
period follows the same trend as the 
other time periods, however. 


DISCUSSION 


Inspection of the data shows that they 
are basically in agreement with the 
results obtained for shorter periods 
(Meade, 1959). The time estimates for 
the low motivation groups show no 
apparent effect of the rate of progress 
variables. In two cases, the 30- and 
45-min. periods, time estimates under 
rapid progress were slightly shorter than 
those under slow progress while in the 
other two cases, the 15- and 60-min. 
periods, the reverse was true. This 
would be expected in random sampling 
if the variable of progress were not 
effective. 

On the other hand, the average time 
estimates made under the condition of 
high motivation were shorter under 
rapid progress than they were for slow 
Progress. As іп the earlier studies, then, 
time estimates are inversely related to 
rate of progress only under conditions 
where S has motivation to do well and 
teach a goal but unrelated to rate of 
Progress where there is low motivation. 

The findings of this study may be 
considered from a number of different 
standpoints, two of which will be con- 
sidered here. One of these concerns the 
problem of boredom. Subjects working 
under conditions of low motivation are in 
exactly the situation which brings on the 
reaction of boredom or satiation. Even 
in the rapid progress groups, Ss are un- 
affected by the information that they 
are Moving toward a point in the tas 
which appears to be useless to them. 
They are not concerned with whether 
they are or are not doing well on а 
useless task and indeed may actually 
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pay no attention to information relevant 
to their progress. Regardless of what 
they do, it may be regarded as accom- 
plishing nothing setting the stage for the 
appearance of boredom. 

However, when Ss are motivated and 
interested in what they are doing, the 
acquisition of information relevant to 
their progress is of some concern to them. 
It is in the condition where they are 
Motivated but seeming to make little or 
no progress that Ss may regard them- 
selves as accomplishing nothing and this 
is the same situation as in both progress 
conditions of the low motivation groups. 
The data show that the slow progress 
condition of the high motivation level 
Produces time estimates differing little 
from that of either progress condition of 
the low motivation level. 

Another way of considering these data 
introduces the allied problem of frustra- 
tion (defined here as basically the result 
of goal blockage). Subjects in three of 
the four experimental conditions can be 
regarded as working under conditions 
designed to produce frustration. Both 
of the progress groups in the low motiva- 
lion condition and the slow progress 
group of the high motivation level are 
accomplishing little or nothing and 
hence are blocked from reaching a goal. 

hese three conditions, as was pointed 
9ut, produced time estimates which 
Varied little. At the same time, those 
ree of the frustrating conditions pro- 
duced shorter time estimates. : 

When the results are considered in any 
of these ways, both motivation and 
Progress toward goals seem to be of 


AND TIME ESTIMATION 567 
importance in making time estimates. 
Thus far, research has been limited to 
approach motivation and forward prog- 
ress toward goals. Since these variables 
have been found to affect time estimates, 
further experimentation is needed. Ad- 
ditional experiments are called for in 
such problems as the effect of avoidance 
motivation and progress away from goals. 


Ri 


Effect of set and work speed on 
Percept. mot. Skills, 1955, 
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rate but an eventual 
11.3/11.3% controls. 

(32/11.3%) showed an initial 
asymptotic depression. 


bar press incentives, 


In reviewing the 
literature, Collier and 
pointed out that in 
studies (e.g., Crespi, 1942; Spence, 
1956; Zeaman, 1949) the shift in 
amount of reinforcement occurred 
after asymptote had presumably 
reached, and S's experience witl 
first magnitude of incentive 


incentive-shift 
Marx (1959) 
most previous 


been 
1 the 


was 
concurrent with acquisition of the 
instrumental Tesponse. Such con. 


founding of instrument 
quisition with the ori 
magnitude 
Collier-M 


al-response ac- 


ginal incentive 
Was controlled 


tive magni- 
acquisition 
of the instrumental response. This 
magazine train- 
sing the primary 
incentive magnitudes of 4%, 11.307, 
or 32%, sucrose, depending upon the 
group. All groups then received 10 
daily 20-min. BP (bar press) training 
sessions using the same incentive аз 
reinforcement (11.3% sucrose), 


1 This research was supported in part by 
United States Public Health Service Grant 
MH 00817-09 from the National Institute 
of Mental Health. We are grateful to James 
Miller for his careful collection of the data, 

2 United States Public Health Service Pre- 
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10 min. of 1-min. fixed interv. 


(but unreliable) facilit 
Interpretation of these result. 
in terms of the development of discrimin 


and bar press trained 
al magazine presenta- 
val bar pressing. The 


shifted up from magazine to bar press (4— 
an initial depression of 
asymptotic faci 

The group whose in 


acquisition bar press 
tion, compared with the 
centive was shifted down 
ation and an 
s is suggested 
ation between magazine and 


Marx and Pieper (1962) modified 
the relationship between incentive 
shift and instrumental behavior by 
running daily test sessions in which 
direct feeding on one incentive value 
was regularly alternated with acquist- 
tion of the instrumental response on 
the second, contrasting incentive 
value. Reinforcement was continu 
ous. The major procedural advantage 
gained from this design was the con- 
tinuing contrast of incentive du. 
over the entire acquisition period- 
An unexpected facilitation of bat 
pressing occurred when the incentive 
shift was from 64% to 32% sucrose 
In a further study (Marx & Piepe! 


: HE А in 
1963), this facilitation with a shi 
down in incentive was aprum 
using a 1-min, fixed interval schedule: 


but a subseq 


. ar 
а uent depression of b* 
pressing rate 


also occurred. 

he present experiment concerns а 
further modification of these tempora 
relationships, and the addition of а 
shift-up Sroup, within the same genera 
procedural framework. Daily 655 
Sessions included 10 min. of direct 
feeding one incentive value followe 

immediately by 10 min. of bar press 
ing (BP) for the second, contrasting 


value. The direct presentations each 
568 
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day utilized 32%, 11.3%, and 4% 
sucrose solution with all 5з being 
shifted to 11.39% for BP training. 
"These sucrose concentrations are the 
same as those used in the Collier-Marx 
(1959) study. 


METHOD 


Apparatus—Eight liquid reinforcement 
test boxes were used. They were equipped 
with magazines delivering .10 ml. liquid 
These magazines consisted 


reinforcements. 
of 12-in. diameter aluminum plates with 72 
{y-in. cups drilled around the periphery of 
each plate. Sach cup was loaded with 
sucrose solution using a Cornwall automatic 
pipetting device. A second 12-in. plate 
constructed of plastic was used as a cover to 
reduce evaporation. The magazines were 
advanced by a Geneva movement with a 
motion which was barely audible. A Ger- 
brands bar requiring approximately 22 gm. 
of force was used to activate the magazine, 
which was located below the rat cage and 
slightly to one side of the bar. This cage was 
а Hoeltge HB-11A, 8 X 9} X 7 in., of a type 
similar to that which housed the animal. 
Each individual assembly was located in a 
ventilated, sound-proofed, light-tight ice-box 
hull dimly illuminated inside by a 73-w. light 
bulb. 

Subjects.— lhirty-six. male albino rats of 
the Sprague- Dawley strain. were obtained 
from the Holtzman Company and placed on 
food deprivation 10 days prior to beginning 
the experiment. All Ss were maintained 
upon 10 gm. dry Purina laboratory chow mash 
fed approximately 30 min. after running. 
Water was freely available at all times. The 
of the 10 gm. of laboratory 
chow plus sugar intake was approximately 38 
calories per day per animal. . This restricted 
intake produced a mean weight loss of ap- 
Proximately 20% of S's ad lib. feeding weight. 
The Ss were 110 days of age and experi- 
mentally naive at the start of the experiment. 

Procedure.— Three days of magazine (M) 
accommodation preceded bar press (ВР) 
The 36 Ss were first randomly 
assigned to three sucrose-concentration groups 
(4, 11.3, and 3296 by weight in water). 1 he 
first and subsequent accommodation sessions 
lasted for a total of 20 min. Each S period- 
ically received one .30-ml. sucrose reinforce- 
ment per minute of the assigned concentra- 
lion, The second session repeated the 
Procedure of the first with the exception ofa 


caloric value 


training. 
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reduction in reinforcement volume to .20 
ml. The third day this volume was still 
further reduced to a final value of .10 ml. 
Uhis procedure was instituted because the 
larger solution volumes more nearly filled the 
ye-in. cups and thus facilitated accommoda- 
tion to the magazine. A minimum of 10 Ss 
per group met the criterion of taking 19 out 
of the 20 possible reinforcements on the third 
magazine accommodation day. These 30 
Ss were introduced the next day to BP 
training, which continued through 28 days 
of testing. ` 

The BP training procedure combined an 
intersession shift from magazine training to 
BP training with a corresponding intersession 
shift in reinforcement concentration. To 
accomplish this, M training was reduced to 
10 min. with an immediate shift to BP 
training for 10 min. The M reinforcement 
concentration remained the same as during 
accommodation (4, 11.3, or 326%) but all Ss 
were shifted to 11.366 reinforcement for BP 
training using a 1-min. fixed-interval rein- 
forcement schedule. Reinforcement volume 
was held constant at .10 ml. for both M and 
BP training. 

The shift to BP training was facilitated by 
using two cages for each test box: one without 
a bar for M training, and one with the bar 
installed for BP training. The time required 
for the shift was held constant at 1 min. 


RESULTS 


The mean numbers of BPs for 2-day 
test blocks are shown in Fig. 1. Both 
the acquisition and performance of the 
instrumental response appear to be 
clearly related to the contrasting 
incentive presented during the 10 
min. of M training given each day. 
An analysis of variance of the data 
for the 28 test days was performed 
(within-Ss d f reduced by 12 because 
of missing data in some cells). This 
analysis indicated that the main effect 
of Groups was reliable, F (27, 717) 
— 14.70, p « .01, as was the Trials 
X Groups interaction, F (54, 717) 
= 6.52, p < .01. 

Individual curves, when examined 
over trials, demonstrated essentially 
the same results. 
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Fic. 1. Mean number of bar presses, 


In order to evaluate the early 
acquisition and the asymptotic per- 
formance separately, the first 6 days 
and the last 6 days were individually 
analyzed. A simple analysis of vari- 
ance indicated that the groups were 
reliably different at both stages—first 
six trials, F (2, 27) = 9.05, p< Ol; 
last six trials, F (2, 27) = 16.67, 
p < .01. Dunnett's test for two- 
sided comparisons (Edwards, 1960, 
pp. 152 f.) was used to evaluate the 
differences between each of the ex- 
perimental groups and the control 
group. The inferiority in acquisition 
of the 4/11.3 group was reliable, 
(2,24) = 3.6, р <01 The su. 
periority of the 32/11.3 group, how- 
ever, was not reliable. Both asymp- 
totic comparisons were reliable— 
4/11.3 group, t (2, 24) = 2.45, p< 05; 
32/11.3 group, £ (2,24) = 3.23, p < .01. 


DISCUSSION 


In this experiment, direct feeding of a 
less preferred incentive produced slower 
instrumental acquisition, but enhances 
in t of acquisition by a directly-feq 
es ee incentive (Marx & Pieper 
1962 1963) was not obtained at а 

, 
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statistically satisfactory level. Asymp- 
totic performance of each group clearly 
demonstrated the eventual development 
of the "'undershooting" and  "over- 
shooting" effect, replicating and extend- 
ing the findings of Marx and Pieper 
(1963) with the same 1-min. fixed- 
interval schedule. 

The early facilitation or depression of 
the acquisition of the instrumental 
response may be interpreted as a result 
of S's failure to discriminate between the 
direct-feeding sucrose concentration and 
the BP concentration. This failure to 
discriminate results in either enhance- 
ment or reduction in effective incentive 
value of the BP incentive. А 

The undershooting and overshooting 
performance results may likewise be 
attributed to a somewhat similar dis- 
criminatory mechanism, The Ss shifted 
down respond to the devaluation of the 
BP incentive by reduced instrumental 
activity relative to the controls; the 
Ss shifted up respond to the more highly 
preferred incentive with increased in- 
strumental activity 
the controls, 


A strictly Physiological explanation of 
the results in terms of postingestive ОГ 
taste factors (McCleary, 1953) is contra- 
indicated by the reversal of the relative 
Positions of the groups as they go from 
acquisition to asymptotic performance: 
McCleary, using direct stomach loading 
of several solutions of varying concentra- 
Чоп, found that the tonicity of the loa 

Per se was a significant controlling facto" 
regulating the amount of sugar test 
solution. drunk either immediately Of 
after a 15-min. delay. Although the 
effect of prefeeding with solutions О 
different tonicity might possibly explain 
the undershooting and overshooting re- 
sults at asymptote, the opposite relation- 
ships in early acquisition cannot be easilY 
accounted for on the same basis. For 
this reason also taste factors cannot be 
used as a Comprehensive explanation. 
It appears that a biphasic explanation, 
such as the one suggested above, 18 
required. 

, Although the early facilitation effect 
In the shift-down group, previously ob- 


when compared with 
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served by Marx and Pieper (1963), did 
not reach statistical reliability in the 
present experiment, the reliably slower 
acquisition and reliably superior asymp- 
totic performance of the 4/11.3 group 
provides a strikingly symmetrical con- 
trast with the superior acquisition and 
inferior asymptotic performance of the 
32/11.3 group. This extension of earlier 
work to include the shift-up condition 
thus increases the generality of the 
motivational effects thus far obtained. 
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EFFECT OF SEX OF SUBJECT, SEX OF EXPERIMENTER, 
AND REINFORCEMENT CONDITION ON 
SERIAL VERBAL LEARNING! 


MAVIS HETHERINGTON ахо LEONARD E. ROSS 


University of Wisconsin 


Sex of S, sex of E, and verbal reinforcemen 
in a serial trigram learning situation. 

ran 24 Ss—12 males and 12 females equ 
neutral, and verbal punishment conditi 
involving this factor were not significant, but 
ment Condition X Sex of S variables, were signific 
Sex of S X Reinforcement Condition interaction 
performance differences across reinforcement 


significant but females learne 
punishment than under neutr. 
cantly more rapidly than male: 


The variables of sex of S, sex of E, 
and verbal reinforcement condition 
have been inadequately studied in 
verbal learning. An experiment by 
Archer, Cejka, and "Thompson (1961), 
using a serial trigram task, found that 
the performance of male .Ss was not 
influenced by sex of E but that female 
Ss learned significantly more rapidly 
with a male E than with a female E. 
However only one female and two 
male Es were used in this study, and 
specific individual personality differ- 
ences may have been confounded with 
sex. 

Results of studies of the interaction 
of sex of S and sex of E in other 
learning situations have been in. 
consistent (Binder, McConnell, & 
Sjoholm, 1957; Ferguson & Buss, 
1960; Gewirtz, 1954; Gewirtz & Baer, 
1958; Stevenson, 1961). These in- 
consistencies may be a result of 
differences in learning tasks and ages 
of Ss utilized, or to an inadequate 
sampling of Es in all except the 
Stevenson study. 

3 in part by the Research Com- 

оше Graduate School from funds 

suppted by the Wisconsin Alumni Research 
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t condition were investigated 
10 male and 10 female Es each 
ally divided into verbal reward, 
ons. Sex of E and interactions 
the E and E X Reinforce- 
cant. A significant 
was found. Male 
conditions were not 


d significantly faster under reward or 
al conditions. 


5 only under the punishment condition. 


Females learned signifi- 


An interaction between sex of 5 
and Æ would have important im- 
plications for the findings of past 
verbal learning studies where such 
factors often have not been controlled 
or reported. The present study, 
therefore, was designed to investigate 
the effect of these variables, under 
varying conditions of verbal reward 


and punishment, in a serial trigram 
learning task. 


METHOD 


Subjects and experimenters. —The Ss were 
240 male and 240 female students from 
introductory Psychology courses at the Uni- 
versity of Wisconsin. Ten male and 10 
emale psychology majors, enrolled in ad- 
vanced research Courses, served as Es. 

Design and Procedure.—' [he 480 Ss were 
assigned at random to the cellsofa 2 X 2 X 3 
design, one dimension representing the sex О 
55, one of the Sex of Es, and one the reward- 
neutral-punishment reinforcement conditions. 
The 10 male and 10 female Es each ran 24 55; 
12 males and 12 females, with 4 of each sex 
under each reinforcement condition. 

Each § learned a list of nine trigrams using 
the serial anticipation method. The trigrams 
used, and their association values (Archer, 
1960) were as follows: cis (80%), мул (20%), 
(soo; 076), сім (80%), were (20%), SYX 
(50%), кон (50%), куу (80%), and FIQ 
(20%). No Significant difference between the 
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TABLE 1 


REWARD AND PUNISHMENT STATEMENTS 


Reward 


Punishment 


You're doing fine. 

Good. Let's try again. 
hat was very good. 
You're improving quickly. 
That was a good trial. 
You're a fast learner. 
Very good. 

You're doing better all the time. 
Fine, 

Keep up the good work. 
That was a good one. 
You've almost got it. 

That was close. 


You're doing very well. е s 
You're one of the fastest subjects Гуе had 
today. 
Excellent! 
ou'll have it in no time. 
ou're close. 
Good. 
That's the way to go. 


Let's hope you do better next time. 

You had a lot of errors that time. 

Try again. 

Are you really trying? 

You're a slow learner. 

Wrong again. 

No you're still making mistakes. 

You're very slow. 

Come on now. Concentrate! 

Don't you ever learn? 

You're not making much progress. 

This could go on forever. 

Do you always have this much trouble with 
simple problems? 

We'll be here all day at this rate. 

You're the slowest subject I've had today. 


My God, you students are dumb! 
Wrong. 

You have no place to go but up. 
Will vou please try a little harder? 
Well here we go again. 


Sexes was found by Archer for any of the 
trigrams. The trigrams were presented on a 
Standard memory drum for a 2-sec. exposure, 
with 2 sec. between syllables and a 2-sec. 
intertrial interval. Learning was continued 
to a criterion of one perfect trial. 

The Ss were initially instructed to spell 
each syllable before it appeared and to learn 
the list as rapidly as possible. The reinforce- 
Ment conditions were defined in terms of the 
Comments made by the E to S during the 
Intertria] interval. Twenty statements were 
Prepared for the reward and punishment con- 
ditions while the E remained silent during the 
intertrial interval under the neutral condition. 

hese statements are listed in Table 1 in the 
Order in which they were presented. If the 
tri ad not met the learning criterion a т. 
s als the list was repeated. The same or er o 
Statements was used for all Ss in each rein- 
9rcement group. à 
апа | experimental sessions were poe 
(220 monitored to insure fat. i 
men Ing the procedure and using the 5% 

nts properly. 


RrsuLTS AND DISCUSSION 


c Table 2 presents the mean trials to 
s. terion for each of the 12 sex О E, 
“X of 5, and reward-combination 


groups. The summary of an analysis 
of variance of these data is reported 
in Table 3. 

The finding of no significant effect 
of sex of E, or interactions of this 
factor with the other variables, is not 
in agreement with the Archer, Cejka, 
and Thompson (1961) study. Since 
the present experiment used a more 
adequate sample of Es, 10 females and 
10 males as compared to 1 female and 
2 males, the Archer et al. results were 
probably due to inter-E variables 
other than sex. The significant E 


TABLE 2 
MEAN TRIALS TO CRITERION AS A FUNCTION 
or SEX oF S, SEX OF Ё, AND 
REINFORCEMENT CONDITION 


ex of S | Sex of Е | "Ei | "Cond. | Cond 

Female Female | 22.63 | 27.78 24.13 
Male 24.05 | 29.90 21.00 

Male Female | 24.83 | 27.10 28.60 
Male 26.70 | 24.63 29.07 
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TABLE 3 
ANALYSIS OF VARIANCE OF TRIALS 
TO CRITERION 
Source df MS F 
: E 1 .30 
Sex $ ($ 1 | 437.01 |5.59* 
Reinforcement (В) 2 316.94 204. 
Individual E (I) 18 | 228.00 | 1.83 
EXS 1 1.01 
EXR 2 90.03 
SXR 2 | 863.64 |4.70* 
SXI 18 78.18 
RXI 36 | 155.02 | 1.24 
EXSXR 2 | 171.10 
IXSXR 36 | 183.73 | 1.47* 
Within 360 | 124.78 
жр < .05, 


effects of the present study support 
this interpretation, and are in agree- 
ment with the results of Stevenson 
(1961) who found that some Es were 
consistently more reinforcing than 
others with children in a marble game 
situation, although they were working 
under the same verbal reward condi- 
tion. While Stevenson was unable to 
relate these E differences to age, 
appearance, experience with children, 
Scholastic status, or scores on the 
MMPI, more systematic experimental 
investigations of personality variables 
might be fruitful in discovering the 
relevant factors. 

Of interest is the finding of a 
significant interaction between sex of 
S and reinforcement condition. To 
further analyze this interaction, ¢ 
tests were used to compare the per- 
formance of males and females at each 
reinforcement condition, and simple 
analyses of variance were performed 
to compare each sex across reinforce- 
ment conditions. 

The male and female groups did 
not differ significantly under reward 
or neutral reinforcement conditions, 
t (158) = 1.49, р > .10; and t (158) 
= 1290, 5.10, respectively, but 
females showed superior performance 
under the punishment condition, 
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1 (158) = 4.05, p < .01. Male per- 
formance differences across reinforce- 
ment condition were not significant, 
F (2.237) = 1.59, р .20, but fe: 
males did differ as a function of 
reinforcement condition, F (2, 237) 
= 8.31, р < .001. A Duncan mul- 
tiple range test indicated that with 
females both the reward and punish- 
ment groups differed from the neutral 
group at the .01 level, but that the 
female reward and punishment groups 
did not differ significantly. 


The results of this study indicate that 
although sex of E is not an important 
variable in serial verbal learning, other 
characteristics do affect verbal learning 
performance. This poses а ше одо” 
logical problem for while it is relative y 
easy to control and balance the sex of Zs 
across experimental conditions, these 
other E characteristics are as yet un- 
identified and exist as unknown [йс 
in the experimental situation. s Unt 
these E characteristics are identified а 
possible, though cumbersome, ны. 
to this problem would be to use le 
random sample of Es rather than a sing 
E as is usually the case in verbal learning 
studies. " 

The significant Sex of S X Reinforc? 
ment Condition interaction demonstrate” 
the importance of controlling КУ 
factors in verbal learning. Since the > n 
comments and other social interact 
variables would be expected to die 
entially affect the performance of Wr 
and female Ss it seems necessary 5 
Strictly specify and control these featur 
of the experimental situation. The dat 
Suggest that social interaction, whee 
involving praise or censure, improves їп 
Performance of females whereas 
performance of males is largely 
dependent of this factor. 


in- 
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ERRATUM 


In the article *Wave-Length Generaliz 
ing of Test Stimuli" by Herbert Friedm 
65, 334—338) the sixth line in the first paragraph on page 33 


read: 


units that separate the test stimulus from the trainin 


ation as a Function of Spac- 
an (J. exp. Psychol., 1963, 
4 should 


g stimulus. 
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INCREASE OVER TIME IN THE STIMULUS 
GENERALIZATION OF ACQUIRED FEAR! 


WALLACE К. MCALLISTER axp DOROTHY E. McALLISTER 


Syracuse Un iversity 


Following classical fear conditioning, 
to escape the fear-eliciting stimuli. 
start box of the hurdle apparatus (Sam 
similar, conditioning box (Diff CB). 
had hurdle training after a 3-min., and the oth 


conditioning delay, 
a generalized stimulus situation. 
CB, learned to jump the hurdle i; 


increase in the strength of the 
but not to the original, stimuli, 


In a recent acquired drive study, it 
was found that immediately following 
classical conditioning procedures in 
which a CS was paired with shock, 
Ss did not learn a hurdle-jumping 
response to escape the CS, If, how- 
ever, a period of 24 hr. intervened 
between conditioning and hurdle- 
jumping training, learning took place 
rapidly (McAllister & McAllister, 
1962a). Theoretically, fear as a re- 
sponse should be classically condi- 
tioned to the CS in the first phase of 
the experiment.? Escape from the 
CS in the second phase would, pre- 
sumably, reduce the fear and thus 
reinforce the learning of hurdle jump- 
ing. Since the theory would predict 


1 This investigation was Supported in part 
by a research grant, M-2064, from the 
National Institute of Mental Health, Public 
Health Service. The authors wish to thank 
Ann Cooper and Joseph Ts Franchina for aid 
in the collection and analysis of the data, A 
report of these results was presented at 
the 1962 Eastern Psychological Association 
Ao been demonstrated that the effec- 
tive CS in this situation is a compound stimu- 

since fear is conditioned both to the dis- 
lus CS (light) and to the static cues of the 
Safire box (McAllister & McAllister, 
co 


1962b). 
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For the 2 Diff CB groups, hu 
All groups, 
1 25 trials. 
ment in performance with an increase in postco 
the Diff CB, but not under the Same CB, conditi 


fear response over time to gener; 


Ss were trained to jump a hurdle 
2 groups were conditioned in the 
е CB) and 2 in a separate, but 
Under each condition, 1 group 
er, after a 24-hr., post- 
rdle training involved 
рї Group 3 min.- Diff 
he significant improve- 
nditioning delay under 


on was attributed to an 
ized, 


such learning regardless of the length 
of the postconditioning delay, an ex- 
planation of the effect of this variable 
was sought. One of the procedures 
adopted for convenience was to condi- 
tion Ss in a box which was a replica 
of the start box of the hurdle-jumping 
apparatus, To the extent that these 
boxes differed, hurdle jumping was 
conducted in a generalized stimulus 
situation. It is on this basis that a" 
explanation of the previous results 
can be made? " 
Although not studied extensively: 
an effect of time on the slope е 
stimulus generalization gradients һа 
been reported, For instance, Perkins 
and Weyant (1958) found that the 
running response to a food rewarc 
generalized between alleys of different 
colors to a Sreater extent after 1 wk. 
than after 1 min. If their finding 
applies to fear responses, the amount 
of fear elicited by the generalize 
stimuli in the start box of the hurdle 
apparatus might be inadequate to 
Serve as the basis for learning immedi- 
ately following conditioning. The 
increased amount of generalized fear 


The auth 


ki | ors are indebted to C. C. Per- 
ans, Jr. for sı 


U8ggesting this explanation. 


TEMPORAL INCREAS 


expected after a delay interval might, 
however, be sufficient. The purpose 
of the present experiment was to test 
this interpretation of the effect of the 
postconditioning delay variable. 


Subjects and desi ^-four female, 
naive, hooded rats, 91-129 days of age, from 
the colony maintained by the Psychology 
Department of Syracuse University, were 
used. Two additional Ss were discarded 
because of apparatus failure. The Ss were 
randomly paired and then the pair was 
assigned at random to one of two post- 
conditioning delays. One S of each pair was 
randomly assigned to be conditioned in the 
start box of the hurdle-jumping apparatus in 
which they were later to be trained. The 
other S of the pair was conditioned in a shock 
box, different from, but similar to, the start 
box of the hurdle-jumping apparatus in 
which they were later trained. Thus, there 
were four groups: two in which the condition- 
ing box was the same as the start box of the 
hurdle-jumping apparatus (Same CB) and 
two in which it was different (Diff CB). 
Under each condition one group was given 
hurdle-jumping training with a 3-min., and 
the other with a 24-hr., postconditioning 
delay. 

Apparatus and procedure.—A hurdle-jump- 
ing apparatus and a conditioning box were 
used. "The hurdle apparatus consisted of a 
start box and a safe box, each 93 in. long X 4} 
in. wide X 5 in. high, separated by a i-in. 
Partition. Set in the partition, resting on а 
2-in. high hurdle, was a guillotine door 24 in. 
wide X 3 in. high. The start box, painted 
White, had a grid floor; the gray safe box, a 
wooden floor, hinged so as to serve as à 
floor switch. Above each of the boxes 5 
another box with an opal-glass bottom, which 
contained light sources for the CS and the 
intertrial illumination and also served as a 
Cover. Although the conditioning box was 
Constructed to be a replica of the start box of 
the hurdle apparatus, some differences were 
Present. Those discernible to the human 
Observer consisted of the visibility, through 
the grids, of a gray, wooden support at one 
end of the start box but not of the condition- 
ing box and some variation in appearance 
between the guillotine door of the hurdle 
apparatus and the simulated door in „the 
Conditioning box. In addition, since the light 
Sources did not pass through a perfectly 
diffusing medium, there may have been 
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discriminable differences in the light patterns 
on the gla although the illumination 
measured in each box was approximately the 
same. 

The Ss were conditioned in pairs, one in 
the conditioning box and one in the start 
box of the hurdle apparatus, The boxes were 
wired in parallel. The CS, of 6-sec. duration, 
was an increase in illumination from 7 ft-c 
(intertrial illumination) to 115 ft-c. The UCS 
- shock of 125 v. delivered to the 
uccessively at a rate of two impulses 
per grid per sec. through а 100,000-ohm 
resistance. Presentation of the UCS occurred 
4 sec. following the onset of the CS, and both 
terminated simultaneously. 

On each of the first 2 days of the experi- 
ment, all Ss were handled for 20 min. and 
were allowed to explore each side of the hurdle 
apparatus for 10 min. On the third day, 35 
conditioning trials were administered with a 
2-min. intertrial interval. Following condi- 
tioning, Ss were returned to their home cage 
for the postconditioning delay. Twenty-five 
hurdle-jumping trials were administered fol- 
lowing the delay and again on the next day. 
These days will be referred to as Day 1 and 
Day 2 throughout the paper. Since Ss were 
run in pairs, the postconditioning delay for the 
first S of a pair was exact; for the second 5 
the delay was lengthened by the time required 
for the first trial of the first S (a maximum 
of 110 sec.). 

The hurdle-jumping trials were admin- 
istered with a minimum intertrial interval 
of 30 sec. On each trial S was placed in the 
start box and 10 sec. later the CS was pre- 
sented simultaneously with the raising of the 
guillotine door. Latency was measured with a 
Hunter Klockounter, in .01 sec., from the 
opening of the door to the depression of the 
floor switch in the safe box. After jumping, S 
remained in the safe box for 10 sec. and was 
then removed to a separate holding box for 
the intertrial interval. If no jump occurred 
within 60 sec., S was removed to the holding 
box and a 60-sec. latency recorded. On Day 
2 if S did not jump within 60 sec. on 10 
consecutive trials, training was terminated, 
and 60-sec. latencies were recorded for the 
remaining trials. 

Further details of the apparatus and 
general procedure are reported elsewhere 
(McAllister & McAllister, 1962a). 


RESULTS 


In Fig. 1 are presented the means 
of reciprocals of latency of hurdle 
jumping in blocks of five trials for 
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1.60} e----e 3 MIN.- SAME CB 
9———e 24 HR- SAME CB 
о----о 3MIN.- DIFF. CB 
о——о 24HR.-DIFF.CB 


MEAN RECIPROCAL OF LATENCY 


3 4 5 6 7 8 9 10 
BLOCKS OF FIVE TRIALS 


Fic. 1. 


th of the groups. The improvement 
performance on Day 1 is clearly 
ident for all groups except Group 3 
n.-Diff CB, whose performance 
2\5 no marked increase until Day 2. 
| Day 1, Group 24 hr.-Same CB is 


TABLE 1 


SUMMARY OF ANALYSES OF VARIANCE 
ОЕ RECIPROCAL or LATENCY 
OF HURDLE JUMPING 


Day 1 Day 2 
Source df 
MS| F |м$| р 

veen Ss. 
ШОР I a Lovage 16.929 04.25 | 12,12% 
пох (D) 111.71} 18.59%] 510 | 12-02 
dur B 1|422| 670* |529| 3:05 
Б? 60| 63 2:00 
in Ss 
VEN 4| 5.51 | 91.83] .26| 2.60% 
mee 4| .59| o.83**«| :06| 7-68 
ЖБ 4| 1778 13.004 34| 3.40% 

вхр | 4| ital 23 33| "30 
C) 240| 106 ло 
——— — cci NN 
р «.08. 
р < ;001 


Mean reciprocal of latency of hurdle 
five trials on Days 1 and 2 for the sev 


jumping in blocks of 
"eral groups, 


superior to all other groups, but on 
Day 2 its performance is equaled by 
Group 3 min.-Same CB. b 
The data for the 2 hurdle-jumping 
days were analyzed separately in order 
to avoid contamination of the post- 
Conditioning delay variable by the 
further delay occurring after Day 1 
А trend analysis of variance of the 
Day 1 data was computed, with Con- 
ditioning Box (Same CB or Diff CB); 
Postconditioning Delay (3 min. or 24 
hr.), and Trial Blocks as the factors. 
summary table of the analysis 
“Pears in the left portion of Table 1- 
factors except the triple inter- 
action were Significant, Because О 
the significant double interactions, 
the simple effects of the main factors 
Were analyzed, 
€ interaction of the two between- 
S factors, Conditioning Box and 
1 ostconditioning Delay, is illustrated 
Big: 2, where the grand means of 
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(TRIAL BLOCKS 1-5) 
i w 
о 


GRAND MEAN RECIPROCAL OF LATENCY 


SAME DIFFERENT 


CONDITIONING. BOX 
Fic. 2. Stimulus generalization gradients 
obtained with postconditioning dela 
min. and 24 hr. 


Since 


Trial Blocks 1-5 are plotted. 
the abscissa represents stimulus differ- 
ences in the boxes used for condition- 
ing, the curves plotted are stimulus 
generalization gradients. Although 
the exact shapes of the gradients are 
unknown, they are drawn as linear for 
simplicity. On the assumption that 
the relationship is monotonic, 1t 15 
clear that the gradient is steeper with 
a 3-min. than with a 24-hr. post- 
conditioning delay. Using the error 
term from the main analysis, ¢ tests 
indicated a significant stimulus gen- 
eralization decrement for the 3-min. 
Condition, / (60) = 5.00, р < .001, but 
not for the 24-hr. condition, ¢ (60) 
= 147, p > .20. Also, there was a 
Significant improvement in perform- 
ance with the increase in postcondi- 
tioning delay from 3 min. to 24 hr. 
When fear was conditioned in a box 
different from the start box of 
the hurdle-jumping apparatus, # (60) 
= 5.08, p < .001, but not when the 
Same box was used, 4 (60) = 1.25, 
b> 20. A further analysis using 
only the data of Trial Block 5 yielded 
the same results except that the inter- 
Action term was significant at only the 


o level. f . 
The stimulus dimension which un- 
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derlies these generalization gradients 
consists in all likelihood of the several 
visual variations between the con- 
ditioning box and the start box of the 
hurdle-jumping apparatus. It might 
be thought that olfactory cues would 
be an important aspect of the stimulus 
complex to which fear was condi- 
tioned and, since different boxes were 
used, an important part of the general- 
ization dimension. However, these 
cues were largely eliminated for all 
groups by the removal of the drop- 
pings from beneath the start box prior 
to hurdle jumping. That the remain- 
ing olfactory cues, those of the start 
box itself, did not importantly affect 
the results is indicated by a com- 
parison of Group 3 min.-Same CB and 
the two 24-hr. groups. Such odor 
cues were not the same for these three 
groups because of differences in post- 
conditioning delay and locus of con- 
ditioning, and yet they performed 
similarly. It will also be noted that 
recent odor cues were equal for the 
two 3-min. groups, as a result of 
running the Ss in pairs, but they 
performed differently. The argument 
that the lowered performance of 
Group 3 min.-Diff CB still may be 
due to the removal from the stimulus 
complex during hurdle jumping of 
S's own odor cues, which could be 
distinguished from those of another S, 
is also mitigated by the similarity in 
performance of the other three groups, 
for which this olfactory component of 
the stimulus complex obviously dif- 
fered. Thus, it appears that olfactory 
cues do not contribute in any signifi- 
cant way to the results. 

The significant within-Ss inter- 
actions indicate that the trends of the 
performance curves on Day 1 de- 
pended upon both the Conditioning 
Box and the Delay variables. This 
conclusion is probably valid, because 
of the highly significant F values, 
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despite the fact that the assumption 
of homogeneity of variance for the 
separate estimates of the within-Ss 
error term was not tenable according 
to Bartlett’s test, x? (3) = 18.99, 
p < .001. Because of the interac- 
tions, the effect of Trials was evalu- 
ated separately for each group using a 
Trials X Ss analysis of variance. The 
increases in performance shown in the 
curves of Fig. 1 were found, by these 
analyses, to be significant (p < .001) 
for all groups except Group 3 min.- 
Diff CB (p > .10). 

The Day 2 data were analyzed with 
a trend analysis of variance in the 
same manner as for Day 1. A sum- 
mary of the analysis appears in the 
right portion of Table 1. Of the 
between-Ss factors, only the Condi- 
tioning Box main effect was significant, 
As may be seen in Fig. 1, the Same CB 
groups were superior to the Diff CB 
groups. Although a plot of the grand 
means on Day 2 for the several groups 
yielded stimulus generalization curves 
similar to those of Day 1, as seen in 
Fig. 2, the interaction term did not 
reach a satisfactory level of signifi- 
cance. Of the within-Ss effects, 
Trials, and also its interaction with 
Delay, were significant, Further anal- 
yses, using the error term from the 
main analysis, indicated à significant 
Trials effect for the 3-min. condition, 
F (4, 240) = 5.10, p < 001, but not 
for the 24-hr. condition, F (4, 240) 
= .80, p> .20. As тау be seen in 
Fig. 1, the performance of each 3-min. 
group improved over trials while that 
of each 24-hr. group remained at 
about the same level. 


Discussion 


The finding that Postconditioning 
delay is an important variable affecting 
hurdle-jumping performance when differ- 
ent apparatus are used for conditioning 
and hurdle jumping is consistent with 


WALLACE R. McALLISTER AND DOROTHY E. McALLISTER 


the hypothesis that the strength of the 
fear response to generalized stimuli in- 
creases over time. Thus, the failure to 
find learning of hurdle jumping im- 
mediately following conditioning in a 
previous study (McAllister & Mc- 
Allister, 1962a) and in Group 3 min.-Diff 
CB of this experiment can be attributed 
to a stimulus generalization decrement 
of fear. The rapid learning which was 
found after a postconditioning delay of 
24 hr. in the previous experiment and in 
Group 24 hr..Diff СВ of this study can 
be accounted for by the flattening of the 
stimulus generalization gradient of fear 
with time. 

An alternative hypothesis might be 
Proposed to account for the results 
Without positing an increase in the fear 
response over time. During conditioning 
some other response (e.g., crouching) 
may have been learned to the stimuli o 
the situation and, when elicited during 
hurdle training, may have interfered with 
the learning of the hurdle-jumping 
Tesponse. With the further assumption 
that such а response decreases 1П 
Strength with time, the difference in 
performance of the two Diff CB groups 
could be explained, However, such an 
explanation would predict a depression 
in the performance of Group 3 min.-Same 

B also since the competing response 
should be elicited maximally in the 
Situation in Which it was originally 
learned. Since Such a result was n 
obtained, the hypothesis is not СОЛ 
vincing. Also, Overt responses, e 
potentially соша compete with hur 
jumping, were not observed to occur 
With any consistency, 

Accepting, then, the hypothesis that 
tue generalization gradient of fear flat- 
tens with time because of an increase in 
the fear response to generalized stimuli, 
there remains the question of why such 
a change should occur. Interpretations 
based simply on an increase in fear with 
time such as an incubation or consolida- 
tion of fear hypothesis (e.g., Bindra & 
Cameron, 1953) аге not cogent since an 
Increased Tesponse Strength to the orig- 
inal, а5 Well as to the generalized, 
stimuli would be predicted. This criti- 
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cism applies also to explanations postu- 
lating a change over time of processes 
competing with the fear response or 
inhibiting it as well as to the notion that 
an increase in the strength of an emo- 
tional response with time is due to the 
loss of the adaptation of that response 
(Golin, 1961). 

Any satisfactory explanation of the 
present data requires a provision for the 
differential effect of postconditioning 
delay along the stimulus dimension. 
One such interpretation assumes that the 
Psychophysical scaling of the stimulus 
dimension would result in a different 
number of jnd's for the two delay condi- 
tions. If the procedures used in the 
scaling involved a short delay between 
presentations of the comparison stimuli, 
presumably more jnd's would result than 
with a longer delay. Thus, in the present 
Study the original and generalized stimuli 
would be discriminable (separated by 
many jnd's) immediately following con- 
ditioning but not discriminable (sepa- 
rated by few, if any, jnd's) after a delay. 
S à consequence, little fear would be 
elicited by the generalized stimuli in the 
3-min. condition but would be strongly 
elicited in the 24-hr. condition. Al- 
though this explanation is consistent 
With the data, it remains circular in the 
absence of independent evidence of the 
Postulated difference in the psycho- 
Physical scale. 

In spite of the lack of a satisfactory 
theoretical explanation, the empirical 
Phenomenon would seem to have ap- 
plicability to a variety of situations 
volving the use of generalized stimuli 
Coupled with a temporal variable. To 
“ate, evidence for the flattening of the 
Stimulus generalization gradient with 
‘me has, in addition to the present 
sindy, been reported in two quite pon 
т a Situations: опе employing ba 
"Ding response in rats (Perkins & 
,cYant, 1958) and the other, the pecking 
in in pigeons (Thomas & aoe 
— Both studies utilized iim 7 
Neue fd on the basis of an a 1 a 
Used in contrast to the acquire auss 

. In this experiment. In addition, 

data of Mednick (1957) provide 
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suggestive evidence for the same phe- 
nomenon with secondary generalization. 

In one respect the present results differ 
from those of Perkins and Wevant and 
of Thomas and Lopez. Both of those 
studies reported a decrease over time in 
response strength to the training stimu- 
lus, although in the former study it was 
not significant. In contrast, an increase 
was found in this study. Although not 
significant, it should, perhaps, be given 
some consideration because of the find- 
ings on the second day of hurdle jumping. 
The performance of Group 3 min.-Same 
CB improved significantly on Day 2, 
after а 24-hr. delay, to equal that of 
Group 24 hr.-Same CB whose perform- 
ance remained at about the same level 
as at the end of Day 1. "Thus, in the 
present situation, it might be premature 
to dismiss the possibility that an increase 
in the strength of the fear response can 
occur over time even in the absence of 
stimulus generalization. If future re- 
search should indicate that such is the 
case, some of the explanations dismissed 
above might become plausible unless it 
is found that the differential effect of 
delay on responses to original and 
generalized stimuli still remains. 

A question might be raised concerning 
the relatively poor performance on both 
days of hurdle jumping of Group 3 min.- 
Diff CB. The failure of that group to 
learn on Day 1 might be attributed to 
the absence of fear. However, if that is 
the reason, it would be expected on the 
basis of the present results that on Day 2, 
after the 24-hr. rest permitted an increase 
in the strength of the generalized fear 
response, performance would be com- 
parable to that of Group 24 hr.-Diff CB 
on Day 1. Although the 3-min. group 
did learn on the second day, it was at a 
slower rate. The explanation of this 
result is likely that some fear, but not a 
sufficient amount to serve as the basis 
for the learning of hurdle jumping, was 
elicited on Day 1 and was extinguished 
as a result of the repeated exposures to 
the stimulus complex in the absence of 
shock. As a result, the amount of fear 
available on Day 2 was lessened and, 
hence, the learning was poorer. 
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EFFECT OF INSPECTION TIME AND DIRECTION OF 
ROTATION ON А GENERALIZED FORM 
OF THE SPIRAL AFTEREFFECT ! 


PAUL BAKAN Ахрор KIYOE MIZUSAWA 


Michigan State University 


The spiral aftereffect, an apparent expansion or contraction of a spiral 
afterfixation of the rotating spiral, is produced in a more general form 
as an apparent expansion or contraction of a square after fixation of a 


rotating spiral. 


Duration of the spiral-square aftereffect is a positive 


function of time of inspection of the spiral. Duration of the aftereffect 
is longer for the apparently expanding aftereffect than for the ap- 
parently contracting effect. Duration of the aftereffect appears to be 
influenced by the nature of the postrotation stimulus upon which it is 


projected. 


There has been considerable recent 
interest in the spiral aftereffect, with 
much of the work directed to studies 
of the relationship between the after- 
effect and brain damage (Gallese, 
1956; Holland & Beach, 1958; Phil- 
brick, 1959; Price & Deabler, 1955; 
Spivack & Levine, 1957, 1959). Typ- 
ically 5 fixates the center of a rotating 
Spiral and then reports on the appear- 
ance of the spiral when it stops 
rotating, If the spiral appears to 
expand while rotating, the aftereffect 
is apparent contraction; if the spiral 
appears to contract while rotating, 
the aftereffect is apparent expansion. 

The effect need not be confined to 
а spiral test stimulus, but can be 

emonstrated as a distortion of any 

Structured visual stimulus. Though 

е generality of the aftereffect has 

ееп noted (Holland, 1957; Osgood, 

953, p. 243; Spitz, 1958a, 1958b) 
there have been no published reports 

Investigations of the spiral after- 

ect in the more general form with 
"Onspira] test stimuli. Failure to 
“cognize the general nature of the 


sy e paper was written while the sertin 
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spiral aftereffect has led to theoretical 
treatment of the effect limited to the 
special case where the same spiral is 
used as both inspection stimulus and 
test stimulus (George, 1953; Spitz, 
1958a). 

In its more general form the spiral 
aftereffect can be thought of as a type 
of figural aftereffect, since exposure 
to an inspection stimulus results in an 
apparent change in the appearance of 
a subsequently viewed test stimulus 
(Köhler & Wallach, 1944; Spitz, 
1958a). 

Two variables known to influence 
the duration of the spiral aftereffect 
are duration of inspection of the 
spiral, and direction of rotation of the 
spiral (Costello, 1960, 1961; Eysenck 
& Holland, 1960; Eysenck, Willett, & 
Slater, 1962; Holland, 1958; Holland 
& Eysenck, 1960; Spitz, 1958a; Spitz 
& Lipman, 1959; Truss & Allen, 1959). 
Duration of the aftereffect is posi- 
tively related to duration of inspection 
of the spiral. Rotation of the spiral 
which produces apparent contraction 
and an aftereffect of apparent expan- 
sion produces a longer aftereffect than 
rotation which produces apparent ex- 
pansion and a contraction aftereffect. 
If the effect of a rotating spiral on sub- 
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sequent perception of the stationary 
spiral is a special case of the 


more 
general effect of a rotating spiral, then 
it would follow that the inspection 


time and direction of rotation should 
influence the duration of the general 
spiral aftereffect just as they influence 
the duration of the special case of the 
effect. This hypothesis is tested in 
the present study, where a white 


square, rather than a spiral, is used 
as the test figure, 


METHOD 


Design.—A sample of 75 undergraduates 
was randomly divided into five groups of 15. 
Groups differed with respect to inspection 
time, the inspection times being either 10, 30, 
60, 90, or 120 sec. Independent groups were 
used to avoid the possibility of confounding 
residual aftereffects. Four measures of 
duration of aftereffect were taken for each 5; 
two measures were taken after clockwise 
rotation and two after counterclockwise rota- 
tion. Order of rotation was counterbalanced 
among .Ss. е 2 r 

Stimuli Тһе spiral inspection figure 

sured 7.25 in. in diameter with a single 
pum throw of 2.5 revolutions on a white 
рил, The fixation point was а 
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standard acorn nut which fastened the center 
of the disc to a driveshaft. The spiral, 
powered by batteries has a rotation speed 
of 82 rpm.? 

The test figure on which the aftereffect 
Was projected was a white paper square, 
6 X 6 cm., mounted on a gray background. 
The 5 fixated a black dot in the center of the 
test figure. 2. 

Procedure—The Ss were tested individ- 
ually, The 5 was seated in front of a 
reduction screen with one eye about 1 in. in 
front of a hole 8 mm. in diameter, through 
which he viewed the stimulus from a distance 
of 8 ft. All Ss were given two practice trials 
with 30 sec. inspection, one in each direction 
of rotation. There followed four test trials 
with inspection time the same on each trial. 
Each set of four trials consisted of two 
successive trials in cach rotational dien 
with trials separated by 2 min. On each ка 
5 viewed the test square immediately pao 
viewing the rotating spiral, and reported ui 
upon the cessation of apparent change in the 
test square. 


RESULTS 


The mean duration of the after- 
effect for the five groups, differing 1n 
length of inspection period, is shown 
in Fig. 1. The two functions shown 
Tepresent functions for the two direc- 
tions of rotation. Clearly the function 
relating duration of inspection ie 
duration of aftereffect is positive 4 
monotonic and practically linea 


psycho- 


* The apparatus was supplied by corpora 


logical Research and Development 
tion, Boston, Massachusetts. 
Hr Mss qid 


TABLE 1 


SUMMARY or ANALYSIS ОЕ VARIANCE 
OF AFTEREFFECT DURATION 


Source df T 
Inspection time (1) a | 14б 
rd: in same I (5) 70 КОР 
otation directi, Е 
TOM trection (D) ] 13 
IXDxs 70 | Q2 
"Total 149 


Bets Numbers in parentheses are MSs. 
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within the range explored. An anal- 
ysis of variance summarized in Table 
1 shows the effect of inspection time 
significant at the .001 level. 

The effect of direction of rotation is 
also clear. When the spiral appears 
to contract in rotation, the aftereffect 
of apparent expansion lasts longer 
than the aftereffect of apparent con- 
traction produced by a spiral which 
appears to expand in rotation. The 
difference due to direction of rotation 
is significant at the .001 level. 


DISCUSSION 


The similar effect of inspection time 
and direction of rotation on duration of 
the specific and the general spiral after- 
effect supports the hypothesis that the 
effects induced by a rotating spiral are of 
the same general nature whether pro- 
jected upon the same spiral or on any 
Other textured surface. There is never- 
theless a. puzzling aspect in the data of 
this experiment, namely that the dura- 
tion of the aftereffect when projected on 
the Square is less than durations reported 
11 experiments where the inspection 
igure and test figure are the same spiral. 

The difference in duration of after- 
effect suggests that the test figure upon 
Which the aftereffect is projected may 
Influence the duration of the aftereffect, 
even if it does not determine the existence 
of the effect. The duration of the after- 
effect could be a joint function of a state 
of the brain induced by the rotating 
Spiral and a state induced by the specific 
test figure. 

Wo studies support this view. Cos- 
ello (1960) used as an inspection figure 
ап 8.24-in, spiral viewed at 6 ft.; the 
feet figure was a photograph of this 
SPiral reduced in diameter and viewed 
3t à shorter distance to produce the same 
‘Sual angle, After a 1-min. inspection 
Period he found the duration of the after- 

Cct less with the photograph than with 
e full size spiral. Spivak (1961) found 
pro duration of aftereffect smaller when 
ы Jected оп a white square than when 

“lected on the stationary spiral itself. 


Further research leading to knowledge 
of the properties of the test figure which 
influence the duration of the aftereffect 
is indicated. The existence of such an 
influence means that any adequate theo- 
retical account of these effects will have 
to allow for the interaction of the effects 
of both the inspection and test figure. 

The difference in duration of the spiral 
aftereffect due to direction of rotation is 
a finding noted previously. The present 
study extends this finding to the general 
case of the spiral aftereffect. The reason 
for this difference is not clear. A factor 
which may help to account for the 
difference is a differential ease of fixation 
between the inward and outward rota- 
tion. It is suggested that inward 
rotation facilitates fixation at the center 
of the spiral since movement is directed 
toward the fixation point. With out- 
ward rotation there is apparent move- 
ment away from the center which may 
induce the eye to follow the movement 
and thus impair fixation, thus resulting 
in less effective satiation. 
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STIMULUS GENERALIZATION AS A FUNCTION OF TESTING 


PROCEDURE AND RESPONSE MEASURE! 


RICHARD H. HISS? anp DAVID R. THOMAS 


Kent State University 


36 homing pigeons received 10 days of VI training with a CS of 550 mu 
and then were tested for generalization in extinction. Group 1, Group 2, 
and Group 3 (n — 9 each) were run to a criterion of extinction at 550, 
530, and 510 my, respectively. Group 4 (n — 9) received a random 
presentation of the 3 stimuli for 1 hr. For all Ss during both training 
and testing 30-sec. stimulus-on periods were alternated with blackout 
periods of 10 sec., thus creating discrete (гіс The measures employed 
were: number of responses on the Ist test trial, total responses to ex- 
tinction (or during the test), latency of the 1st response during the 1st 
5 trials to which responding occurred, and rate of responding during 
the Ist 5 trials to which responding occurred. For each measure a 
gradient was obtained from Group 4 and from the combination of 
Groups 1, 2, 3, each of which contributed 1 point to the curve. It 
was found that the comparison of stimuli during testing is neither 
essential for the creation of a reliable gradient nor is it effective in 


altering the resulting gradient in any consistent way. 


A major purpose of this study was 
to compare two different testing 
procedures for obtaining wave length 
generalization gradients after training 
Pigeon Ss to respond to a single 
Stimulus. The first procedure may 
be called noncomparison testing. It 
Consists of presenting a single stimulus 
to each S and measuring the resulting 
response strength. A separate group 
15 tested at each of a number of 
different stimulus values. Studies 
Using this method include: Grice and 
Saltz (1950), Kling (1952), and Mar- 
Solius (1955). The other procedure 
Mvolves successively presenting a 


Number of stimuli to each S and 
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recording the response strength to 
each. Each S acts as its own control 
and complete gradients may be ob- 
tained from individual Ss. This 
procedure, which may be called com- 
parison testing, has been used ex- 
tensively by Guttman and Kalish 
(1956) and their associates (Hanson, 
1957; Honig, Thomas, & Guttman, 
1959; Thomas & King, 1959). 

The importance of comparison of 
stimuli in generalization was sug- 
gested by Lashley and Wade (1946). 
They argued that comparison of 
stimuli along the same dimension is 
essential in order to create a gradient 
of generalization. Most studies which 
have attempted to test their hy- 
pothesis have dealt with the nature of 
comparisons occurring during train- 
ing, (e.g. Jenkins & Harrison, 1960). 
The major concern of the present 
study was to investigate the role that 
comparison of stimuli during testing 
may play. 

It has been argued by some (e.g. 
Grant & Schiller, 1953; Prokasy & 


587 


588 


Hall, 1961) that the best measure of 
generalization is that taken on the 
first test trial. In support of their 
argument they refer to studies in 
which generalization decrements de- 
velop during the course of testing 
(e.g. Wickens, Schroder, & Snide, 
1954). The present study was de- 
signed to indicate whether the op- 
portunity to compare stimuli during 
testing alters the generalization gra- 
dient in the operant free-responding 
situation. Two comparisons will be 
of interest in this regard, one between 
comparison and noncomparison gra- 
dients and another between com- 
parison gradients obtained on the first 
test trial and those obtained thereafter. 

An additional purpose of this study 
was to compare generalization gra- 
dients obtained with a number of 
different response measures. It was 
anticipated that the effects of com- 
parison of stimuli, for example, might 
depend on the response measure used, 
Since most studies of stimulus general- 
ization have reported only one re- 
Sponse strength measure it is im- 
possible to say what differences in 
findings might have resulted from the 
use of a number of them. In order to 
maximize the number and diversity of 
response measures in the present 
study it was decided to incorporate 
the features of the Operant free- 
responding situation with those of a 
discrete-trial procedure. 


METHOD 


Subjects —The Ss were 36 experimentally 
naive homing Pigeons maintained at 75% 
of their ad lib. weight. | р 

Apparatus.—Two identical Skinner type 
key pecking apparatus were used. Each box 
had the following internal dimensions; width, 
10 in.; depth, 12 in.; and height, 12 in. 
Walls and ceilings were painted flat black ; 
floors were heavy gauge wire mesh. The S's 
key of translucent plastic was exposed through 
a j-in. circular opening placed 8 in. above the 
foot on one wall of the box. Directly below 
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the key in the wall of each box w io 
square aperture through which S access 
to food for 3 sec. during each cycle. Between 
cycles the food was lowered beyond S's reach. 
The magazine containing the food не, 
illuminated with a 6-v. bulb which was lighted 
whenever the food magazine was raised. 
Aside from the stimulus light and the maga- 
zine light during the magazine cycles, the 
boxes were in darkness throughout the 
experiment. 

The stimuli were provided by Bausch and 
Lomb interference filters. The training 
stimulus (CS) was provided by a filter with a 
transmission peak at 550 mg. ‘Testing 
stimuli were provided by filters with trans- 
mission peaks at 550, 530, and 510 mu. The 
stimuli were illuminated by Sylvania Bro. 
jection bulbs. Throughout the experiment is 
masking noise was supplied to the boxes by а 
Grason-Stadler noise generator, Model 901. , 

Procedure.—Upon arrival at the labora 
tory, all Ss were weighed, individually house, 
and allowed free access to food and water. 
The weight of all Ss was measured on the day 
of arrival апа each day thereafter. cem 
deprivation was not begun until a stab - 
weight level was achieved by each S. МЕТ 
10 days a stable weight level was еы 
and food deprivation was begun. When = 
reached 75% of their ad lib. weight training 
was begun. . m 

АП Ss were adapted, magazine trained, an : 
conditioned to peck according to à s 
Schedule covering 5 days. Then Ss we A 
placed on successively increasing fixed ше 
ОЁ 15, 30, 60, апа finally опа variable-interv, 
schedule. The mean interreinforcemen 
interval was about 1 min. {һе range was di 
4 sec. to 4 min. During VI training а shutt™ 
was used which alternated 10-ѕес. periods о 
blackout with 30-sec. periods of stimu е 
presentation. Reinforcements were nd 
given during blackouts and during train"! 
Sessions the key was illuminated with 550 m^. 

VI training was terminated at the end 0 
10 daily hour-long Sessions, providing that а 
criterion of Stable responding had been 
reached. After the eighth day of VI training 
an interval of +20% of total responses was 
established. If the number of responses ma ^ 
9n VI Days 9 ang 10 fell within this interval 
5 was tested for generalization following 
training on Day 10. If the number of re- 
Sponses fell outside of this interval a new 
interval was determined and applied to the 

3 (ent training sessions. The 55 
required a median of 11 days of VI training 
to achieve criterion, 


ollowing the last session of VI training 55 


a 1}-in. 


TEST PROCEDURE AND STIMULUS GENERALIZATION 


were assigned to four groups and were im- 
mediately tested for generalization. Group 1 
(n = 9) was exposed to 550 mu, Group 2 
(п = 9) was exposed to 530 my, and Group 3 
(п = 9) was exposed to 510 mg. These Ss 
were placed on extinction and were run to a 
criterion of 10 successive presentations of the 
stimulus with a total of no more than 10 
responses. Group 4 (и = 9) received 90 
random presentations of the 3 stimuli 550, 
530, and 510 mg, 30 of each. Groups 1, 2, 
and 3 will be called the noncomparison groups 
and Group 4 will be called the comparison 
group. For all groups during generalization 
testing both the number of responses in each 
30-sec. stimulus presentation and the latency 
of the first response during that period were 
recorded. 


RESULTS AND DISCUSSION 


With noncomparison testing a gra- 
dient of number of responses to ex- 
tinction does exist. The median 
number of responses made by the Ss 
in each group are: 550 mu, 2237; 530 
my, 1077; and 510 mu, 136. These 
differences are significant according 
to the Kruskal-Wallis one-way anal- 
ysis of variance, H (2) = 8.4 (p <.02). 
The use of a nonparametric analysis 
of these data was dictated by the 
atypical scores of a few Ss. For the 
Sake of uniformity, nonparametric 
analyses were used throughout the 
Study. The median number of re- 
Sponses made by each of the 9 Ss in 
the comparison group to each of the 
three stimuli are: 550 mu, 533; 530 
Пи, 42; and 510 ти, 3. This gradient 
Vas analyzed with the Friedman two- 
ау analysis of variance by ranks, 
X* (3,9) = 18.0 (p « .01). 

, Although the noncomparison groups 
сү ered in number of responses to 
Xtinction, they did not differ signifi- 
cantly in the time required to achieve 
© extinction criterion. The 550-ти 
"Oup took a median of 49 min. 
ana Pared to 53.5 min. in the 530-mz 
Td 45 min. in the 510-mp group. 
© fact of a significant gradient 1n 
mber of responses to extinction but 
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response)—noncomparison groups and com- 
parison group. 


not in time required suggests that 
relative differences in response rate 
to the different test stimuli are main- 
tained throughout the process of 
extinction. In the original Guttman 
and Kalish (1956) article gradients 
obtained during the four quarters of 
the generalization test in extinction 
were compared and no evidence of 
steepening of the gradient was found. 
A similar analysis of the comparison 
group data in the present experiment 
corroborated this finding. In the 
present experimental situation it may 
therefore be concluded that the testing 
for generalization, even over a pro- 
longed session of extinction, does not 
distort the resulting gradient. 

It is of considerable theoretical 
interest to observe generalization gra- 
dients as obtained on the first test 
trial. In the present experiment this 
means the first 30 sec. presentation of 
the stimulus. Note that for the com- 
parison group the first exposure to, 
say, 550 ти may have been preceded 
by an exposure of 510 my and 530 my. 

Figure 1 presents data on the 
median latency on the first test trial. 
Latency scores greater than 30 sec. 
were possible when Ss did not respond 


@——* NONCOMPARISON GROUPS 
о— —О COMPARISON GROUP 


MEDIAN RESPONSES (FIRST TEST TRIAL) 


WAVELENGTH (Mj) 


Fic. 2. Median responses (first test trial) 
—noncomparison groups and comparison 
group. 


during the first test trial. The non- 
comparison gradient is significant, 
H (2) — 9.6 (p « .01), however, the 
comparison gradient is not significant, 
X? (3,9) = 1.2 (p > .05). 

A statistical comparison between 
gradients obtained under comparison 
and noncomparison conditions pre- 
sents certain methodological diffi- 
culties. In order to compare the slope 
of such gradients the noncomparison 
data were treated as follows: Random 
triplets were selected with one value 
from each of the three stimulus condi- 
tions. These triplets were then 
treated as if they had come from the 
same animal. This resulted in an 
error on the conservative side since 
the variability within the triplets so 
determined was probably greater than 
if the same Ss had been used. The 
percent of the total time (or number 
of responses) given to the CS (550 my) 
was taken as an index of the steepness 
of the gradient. Percent values were 
also obtained from the comparison 
group and a Mann-Whitney test was 
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used to compare the two sets of 
percent scores. A similar analysis 
was used in all comparison vs. non- 
comparison analyses, except that the 
random triplets were separately de- 
termined for each analysis. 

For the data reported in Fig. 1 the 
Mann-Whitney test revealed a differ- 
ence in slope which issignificant at the 
:01 level. Thus, for this measure, 
comparison flattens the gradient. 

In Fig. 2 the data presented are the 
median number of responses made on 
the first test trial. The comparison 
and noncomparison gradients are both 
significant: H (2) = 17.32 (p < .01) 
and Xj (3,9) = 7.39 (p < .03). For 
the two gradients the Mann-Whitney 
test reveals a difference in slope which 
is significant beyond the .01 level- 
Again the comparison group gradient 
was the flatter of the two. E 

In the present study most Ss in the 
510-mu condition and some Ss in the 
530-mu condition failed to respond at 
all during the first stimulus presenta- 
tion, therefore medians of measures 
taken on the first test trial may give 
à distorted picture of typical perform 
ance. It would be interesting Bé 
inquire what the gradients woul Ж 
like if only trials on which S respon 


5 
*—— нон comparison GROUP 
0—— 0 COMPARISON GROUP 


(TRIALS 145) 


| 
530 550 


MEAN MEDIAN LATENCY IN SECONDS 


WAVE LENGTH (Мл) 


Fic. 3. Mean of the median latencies in 
seconds for Trials 1-5, noncomparison groups 


and comparison group. 
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Fic. 4. Median rate of responding for 
Trials 1-5, noncomparison groups and com- 
parison group. 


were considered. Data on latency and 
rate for the first five trials on which 
responding occurred are presented in 
Fig. 3 and 4. The latencies in Fig. 3 
are the mean of the median latencies 
for the 9 Ss in each of the noncompari- 
Son groups and the mean of the med- 
ian latencies to each stimulus in the 
Comparison group. An analysis of 
these data shows: for the comparison 
group, X,2 (3, 9) = 4.22 (ns), and for 
the noncomparison groups, H (2) 
= 10.8 (p < .01). There is no signifi- 
Cant difference between the steepness 
Measures for these two gradients. 
The data in Fig. 4 represent the 
Median rate of responding on the first 
Ve trials (2.5 min.) to which Ss 
responded. Both gradients are statis- 
tically significant: comparison group, 
X4 (3,9) = 18.0 (p < .01), and the 
noncomparison groups, H (2) = 13.2 
b < 01). This indicates that in 
паа Чоп to the fact that Ss аге less 
н *ly to respond (at all) to 530 ти 
"m 510 my, when they do respond to 
me stimuli they do so at a lower 
ate and with a longer latency. 
Sun the two gradients fail to differ 
8nificantly in steepness. 
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The following conclusions may now be 
offered : 

А reliable gradient may be obtained 
with a variety of response measures 
following either comparison or noncom- 
parison testing procedures. The com- 
parison of test stimuli during generaliza- 
tion testing is therefore not essential for 
the establishment of the gradient. Fur- 
ther, there is no evidence that oppor- 
tunity for such comparison alters the 
resulting gradient in any consistent way. 
The measures of latency of the first 
response and number of responses on the 
first test trial yielded steeper gradients 
for the noncomparison than the com- 
parison procedure. It should be remem- 
bered that for the comparison group the 
first test trial at a given stimulus might 
be preceded by test trials to one or two 
other values. This opportunity for 
comparison did not steepen the gradient 
(as might be predicted from a dis- 
crimination learning hypothesis) but 
rather flattened it. The measures of 
median latency and median responses 
per minute calculated over the first five 
trials to which S responded showed no 
slope differences attributable to testing 
procedure. The finding of gradients with 
these two measures is particularly in- 
teresting because it indicates that in 
addition to the fact that Ss are less likely 
to respond to non-CS stimuli than to the 
CS, when they do respond to such 
stimuli, they do so at a lower rate and 
with a longer latency. 

Although a reliable gradient of re- 
sponses to extinction was obtained with 
the noncomparison groups, no gradient 
of time to extinction was found. This 
suggests that generalization testing may 
be carried out extensively in extinction 
without any distortion in the relative 
response strengths to the different test 


stimuli. 
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GROUP SIZE AND NUMBER OF VICARIOUS 
REINFORCEMENTS IN VERBAL 
LEARNING ! 


ALBERT R. MARSTON AND 


University of Wisconsin 


The relationship of group size to vicarious reinforcement (VR) was in- 
vestigated under conditions controlled either for number or percentage 
of reinforced responses heard by Ss in simulated groups. The effect of 
adding direct reinforcement (DR) to the observing S was examined at 
cach level of group size. In a modified verbal conditioning task, with 
"Good" as reinforcer and Humans as critical class, Ss said words 
intermittently with tape recorded voices. It was found that decreasing 
proportion of reinforced vicarious responses by increasing group size 
resulted in significantly lower learning. When number of reinforcements 
increased. (proportion held constant), learning curves did not differ. 
Adding DR to VR did not significantly increase learning at any level 
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University of Oregon Medical School 


of group size. 


In an earlier study investigating 
vicarious reinforcement (VR) in ver- 
bal learning with simulated groups 
(Kanfer & Marston, 1963), it was 
found that the presence of VR signifi- 
cantly increased learning but that the 
addition of direct reinforcement (DR) 
to the observing S had no further 
effect. It appeared possible that the 
size of the observed group (nine mem- 
bers) resulted in the relative ineffect- 
iveness of DR by limiting the propor- 
tion of the total responses made by 
the O. Earlier studies have investi- 
gated VR either with one observed 
responder (e.g. Lewis & Duncan, 
1958) or with a larger group (e.g. 
McBrearty, Marston, & Kanfer, 1961) 

ut without varying size. The pur- 
Dose of the present study was to 
Investigate the relationship of size of 
Observed group to amount of learning 
the observer, with controls for both 
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а, cSearch Grant MH 06922-01 to the second 
"thor, from the National Institute of Mental 
т, United States Public Health Service. 
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DR and VR. The relationship of 
research in VR to various types of 
organized group learning, whether in 
the formal classroom or in such less 
structured situations as group psycho- 
therapy, makes the group size variable 
particularly relevant. 

Group size can be varied in two 
ways with respect to controlling the 
number of reinforced correct re- 
sponses given by a simulated group. 
Each additional group member can 
add a fixed number of correct responses 
(CR), thus increasing number of CRs 
with increasing group size and keeping 
the proportion of CRs to total number 
of observed responses constant. Or, 
one can keep the number of CRs 
fixed, distributing them among the 
available members. Їп the latter 
procedure, the proportion of reinforce- 
ment would decrease as group size 
increases. These alternate ways of 
varying group size, compared in the 
present study, reflect the implication 
of the group size variable for the 
general problem of the relationship of 
VR to direct reinforcement. Chang- 
ing group size cannot be accomplished 
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without varying either number or 
proportion of VR, and conversely, one 
of the critical means for varying 
number of reinforcements in the VR 
procedure is the manipulation of 
group size. 


METHOD 


Subjects and apparatus—One hundred 
twenty-three male undergraduates served as 
Ss. The Ss were seated at a table in a 
darkened room. At eye level on a 2 X 3 ft. 
black board in front of them was mounted a 
signallight. To the left of the light a micro- 
phone rested in a slot on the board. Through- 
out the experiment S wore a set of earphones. 
The earphones and microphone were part of 
an intercommunication system with the next 
room where E recorded responses. A Wollen- 
sak (Model T-1500) tape recorder served as 
an amplifier in the system. With his own 
microphone and earphones, E was able to 
hear S and speak to him, as well as to play 
the tape recorded "group" 
both earphones. 


group conditioning protocols. The original 
group conditioning procedure consisted of a 


od." In all, six tapes were recorded, 
varying in number of voices on the tape and 


number of reinforced correct responses (Hu- 
man nouns) on the tape, Following each 
correct response on the tape the word "Good," 
spoken by one of the authors, was recorded. 
On all tapes 50 "rounds" of responses were 
recorded. A round consisted of a series of 
responses with each voice having one turn. 
Regardless of the total number of correct 
responses (CR) on a tape, the number per 
block of 10 rounds increased over the five 
blocks. This increase simulated а linear 
learning function progressing at a 45° angle 
from the origin. 

The 5 reported to a hall where the experi- 
ment was to be conducted to find a row of 
office doors containing "Experiment in 
Progress" signs. He was ushered into the 
experimental room and asked to wait a few 
momentsruntil E had settled the other (non- 
existing) Ss. When'E returned, he instructed 
S to say a word'wheneverzhis signal light 


ALBERT R. MARSTON AND FREDERICK H. KANFER 


flashed. He also told him that other Ss in 
other rooms would be performing the same 
task in turns and that he would be able to 
hear some of what was going on in the other 
rooms through the earphones which he was to 
wear throughout the experiment (for com- 
plete instructions see Kanfer & Marston, 
1963). 

The E began the conditioning procedure 
for all Ss by activating the signal light 10 
times at approximately 12-sec. intervals. 
These 10 trials, with no treatment admin- 
istered, constituted a measure of operant or 
base level frequency of Human nouns. 

After the last operant response, E pressed 
the “play” button of the recorder and allowed 
5 to hear the first round of responses of his 
simulated group. After the last taped re- 
sponse in the round or after the subsequent 
"Good" if a Human noun were given, the 
"Stop" button was pushed, and .S was signaled 
to respond. This sequence continued for 
rounds of trials. At the end of the experiment, 
S filled out the following questionnaire: 


1. What do you think was the purpose of 
the experiment? " ? 

2. Did you think it was easy or difficult 
(Why?) 

3. How did you go about choosing your 
words? 

4. What did you hear through the eat 
phones? ior? 

5. Did what you hear affect your behavior 
(How?) 


Responses on the questionnaire were rated 
for awareness of response-reinforcement s 
tingency on a 6-point scale. Only 3 5s 26): 
aware of the contingency (rating of 5 (es 
these were eliminated from the ana оп 
Since, in an earlier study (Kanfer & Mars 
1963) S's awareness that he was hearing 
recording did not affect his learning, nt 
awareness was not evaluated in the Prese 

study. 6 

Experimental design—A 3 X2X? x 

factorial design was used. The first factor was 
group size; the tapes contained one, three, OF 
five voices. The second factor concerned the 
relationship of number of reinforced responses 
on the tape At one level, as 
group size ir 
forced responsi 
Stant (.30), t 
reinforced re. 
Size 3, and 
each added i 
another unit 
the second 1 
responses re 


a tape 
this 
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TABLE 1 


SUMMARY OF THE EXPERIMENTAL DzEstGN, 
SHOWING PROPORTION OF I ORCED 

RESPONSES ON THE ТАР 

IN EACH or 12 Groups 


VR VR +DR 
VR Group Size Group Size 
Proportions Р T 
1 3 | 5 1 | 3 | 5 
Constant | .30 | .30 | .30 | .30 | .30 | .30 
Changing | .60 | .20 |.12 | .60 | .20 | .12 


distributed over all voices, thus decreasing the 
Proportion of reinforced responses as group 
Size increased. (.60 for Size 1, .20 for Size 3, 
and .12 for Size 5). The third factor com- 
Pared vicarious reinforcement alone with 
vicarious reinforcement plus direct reinforce- 
ment to the live S whenever he gave a CR. 
The six repeated measurements on each S 
(one operant and five blocks of 10 trials each 
In acquisition) constituted the fourth factor. 
һе three between-Ss factors provided 12 
Sroups of 10 Ss each. Table 1 summarizes the 
esign, 


RESULTS AND DISCUSSION 


Table 2 presents a summary of the 
analysis of variance on frequency of 
Rs for each of six blocks of trials. 
le primary empirical question con- 
ferns the effectiveness of VR as a 


TABLE 2 
ANALYSIS or VARIANCE ON FREQUENCY 
OF CRITICAL Responses IN BLOCKS 
Or 10 TRIALS EACH 


= Source Е 
infor, F PET 

VR уу Cement (A) А 1 x 
Sep TPO | S MEI н 
DES 4. 2 15.76% 
AXC "dl 5 

Ss in BXC 80, 2 1.76 

h Toups { 08 | 3; 

A gka 0) 37794 |195 51:50 | 40.148 
è ŠD 1214| $f 243] 179 

3.01} 5| 04 

А XD 68.41 | 10| 6.84] 5.035** 
Reese 1.98 | 5| 0.40 

Bee xD 115.99 | 10|11.60| $.53*** 
DESP 9:99 | 10| 1.00 

D $ ы С X D 17.83 | 10| 1.78 | 1.31 

S in groups 737.21 |540 | 1.36 
* 
HP < 05, 
Ф < 1001 


50 y 


— — SIZE 1,60% VR ў 
—-— SIZE 3,20% VR ^ 
40r —— size 5,12% ун А 
/ 
30 PA 
20 "d 
P NS 
то ee 
Be 


MEAN CRs 
o 


— — SIZE 1, 30% VR 
гор —-— SIZE 3, 30% VR QE 
— — SIZE 5, 30% VR 


| „„ — — 
o [ 2 3 4 5 6 
BLOCKS 
Fic. 1. Comparison of the learning 


functions of groups varying in size, shown 
separately for the constant proportion of VR 
and changing proportion of VR conditions. 


function of number and proportion of 
reinforcements. In Table 2, the vari- 
able labeled Reinforcement refers to 
the two different procedures of vary- 
ing vicarious reinforcements when 
varying size of simulated group (con- 
stant and changing proportion). Be- 
cause the study was primarily con- 
cerned with the interactive effect of 
group size and proportion of VR, 
the main effects of group size and rein- 
forcement, which combined groups of 
varying proportions of VR, were of 
secondary interest. The significant 
Size X Reinforcement interaction 
(F = 15.76, p < .001) is illustrated in 
Fig. 1. As indicated by a test be- 
tween groups in which the proportion 
of reinforcement was kept constant, 
these learning curves did not differ in 
overall height (F « 1.0). However, 
when proportion of vicarious (taped) 
CRs increased with decreasing group 
size the overall height of the curves 
differed significantly (F — 28.37, 
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p < .001). As can be seen in Fig. 1, 
the groups with constant proportion of 
CRs on the tape did not differ in slope; 
whereas the groups varying in propor- 
tion of CRs showed the steepest slope 
for the group with the highest propor- 
tion (Reinforcement X Size X Blocks 
F = 8.53, p < .001). Regardless of 
taped group size all of the groups with 
30% VR increased significantly over 
blocks (Fs — 2.88, 9.43, and 4.36 for 
Sizes 1, 3, and 5, respectively). In the 
groups receiving varying proportions 
only the group with 60% CRs on the 
tape increased significantly over blocks 
(F = 49.23, p< -001). There was, 
however, significant learning when all 
groups were combined (F for Blocks 
= 40.14, p < .001). 

The main effects become more 
meaningful in light of the interactions 
described above, The main effect of 
Reinforcement (F = 6.21, p < .025) 
reflects the overall superiority of the 
groups receiving varying proportions 
of VR. Although the average propor- 
tions of CRs on the tapes of these 
groups was only higher 


rate of 


group, 
learn- 
Blocks 
indicates the 
superiority of Size 1 in rate as well as 
overall learning. These results show 
that though there is a close relation- 
ship between proportion of taped CRs 
and amount of learning, this relation- 
ship is not a constant ratio; ie. the 
average amount of learning does not 
correspond directly to the average 
proportion of VR. 
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The results indicate that the effect of 
vicarious reinforcement follows prin- 
ciples well established in the literature 
of direct reinforcement. Estes (1956) 
pointed out that all reinforcement theo- 
ries agree that strength of habit is in- 
creased by reinforced trials and decreased 
by nonreinforced trials. From this it 
follows that, “habit strength . . . should 
be directly related to percentage of 
reinforcements during a fixed number 
of trials" (p. 16). Numerous studies 
have empirically demonstrated this prin- 
ciple (e.g. Grant, Hake, & Hornseth, 
1951). The relationship of VR to learn- 
ing also appears dependent upon per- 
centage of reinforcements. In fact, as 
сап be seen in Fig. 1, the final level of 
responding in the various groups did not 
fall far short of matching the percentage 
of reinforcement on the tapes. 

None of the main effects or interactions 
comparing VR alone and VR plus DR 
Were significant. Although varying group 
Size, and conseq uently proportion of VR, 
did affect amount of learning in the 
observer, the lack of additional effect 
due to DR was not related to group 5126 
and the ratio VR to DR, at least within 
the range examined in the present study. 
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VISUAL RECOGNITION THRESHOLDS AS A FUNCTION 
OF VERBAL ABILITY AND WORD FREQUENCY ! 


CHARLES D. SPIELBERGER ? anp J. PETER DENNY: 


Duke University 


Effects of verbal ability and word frequency on visual-recognition 


thresholds were investigated. 


Words of low, moderate, and high fre- 


quency of occurrence in the Thorndike-Lorge word counts were tachis- 
toscopically presented to college students selected on the basis of 


extreme scores on the ACE Linguistic scale. 


Inverse relationships were 


obtained between word frequency and recognition thresholds for both 
high and low verbal ability Ss. High ability Ss recognized low frequency 
words more rapidly than low ability Ss. 


An inverse relationship between the 
recognition thresholds for words and 
the frequency of their occurrence in 
representative samples of written 
language has been clearly demon- 
strated in a number of investigations 
(Howes & Solomon, 1951; McGinnies, 
Comer, & Lacey, 1952; Postman & 
Schneider, 1951; Solomon & Howes, 
1951; Taylor, Rosenfeldt, & Schulz, 
1961). In these studies, the fre- 
quency of occurrence of a given word 
in the Thorndike-Lorge (1944) word 
counts was assumed to be an index of 
Ss' prior usage of the word. 

Solomon and Postman (1952) have 
pointed out, however, that word 
counts may not be adequate measures 
of the idiosyncratic frequency of word 
usage for individual Ss, and that this 
potential shortcoming of word counts 
can be avoided by directly manip- 
ulating Ss’ usage of nonsense syl- 
lables. Although these investigators 
and others have convincingly demon- 
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grant (MH-7229) to the first author from the 
National Institute of Mental Health, United 
States Public Health Service. We are in- 
debted to David A. Altfeld, Edna Bissette, 
and Kay Howard for their assistance in the 
Collection and analysis of the data. 

2 Now at Vanderbilt University. 

?Now at the University of Western 
Ontario, 


strated that recognition thresholds for 
nonsense syllables varied inversely 
with the frequency of prior usage of 
the syllables (Baker & Feldman, 1956; 
King-Ellison & Jenkins, 1954; Post- 
man & Rosenzweig, 1956; Taylor, 
1958), the effects of the idiosyncratic 
frequency of usage of words on recog- 
nition thresholds has apparently been 
investigated directly in only a single 
study. Daston (1957) found that in- 
dividual patients obtained lower 
thresholds for words which they used 
with greater frequency in therapeutic 
interviews than for control words 
matched with the idiosyncratic words 
on the basis of frequency of occurrence 
in the Thorndike-Lorge word counts. 
In this experiment, however, it was 
possible that frequency was not the 
primary determinant of thresholds 
for idiosyncratic words, since these 
words were used more recently, as 
well as more frequently, than control 
words. Postman and Solomon (1950) 
found that when frequency was con- 
trolled, recency of word usage was 
significantly correlated with recog- 
nition thresholds. 

While the relationship between word 
frequency and recognition thresholds 
has been subjected to intensive in- 
vestigation, variables which influence 
word frequency, and thereby in- 
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directly affect thresholds, have re- 
ceived little attention. For example, 
verbal ability would appear to be an 
important determinant of the idio- 
syncratic usage of words. It 1s gen- 
erally accepted that verbal ability is 
strongly related to the size of an 
individual's vocabulary (Wechsler, 
1958). Indeed, high verbal ability 
or verbal intelligence is often inferred 
from vocabulary tests which measure 
the ability to define correctly the 
sorts of words which occur with low 
frequency in word counts. Therefore, 
it seems reasonable to assume that .Ss 
with high verbal ability would be 
more familiar with words which occur 
with low frequency in word counts 
than would be Ss with low verbal 
ability. There would seem to be little 
basis for assuming differential fre- 
quency of word usage as a function of 
verbal ability for words which appear 
in word counts with high frequency. 
The purpose of this experiment was 
to evaluate the effects of verbal ability 
and word frequency on visual-recogni- 
tion thresholds. On the basis of the 
preceding assumptions, it was hy- 
pothesized that verbal ability would 
interact with word frequency to 
determine recognition thresholds. 
More specifically, it was expected 
that, for words with low frequency of 
occurrence in the Thorndike-Lorge 
word counts, thresholds for Ss of high 
verbal ability would be lower than for 
Ss of low ability; and that, for high 
frequency words, there would be no 
difference in recognition thresholds 
between high and low ability Ss, 
Although there was no basis for pre- 
dicting the effects of verbal ability on 
recognition thresholds for words which 
occur in word counts with moderate 
frequency, such words „were also in- 
cluded in this investigation so that the 
psychophysical relationships between 
word frequency and recognition 
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thresholds for Ss who differed in ver- 
bal ability could be compared. 


METHOD 


Subjects.—The Ss were 32 male students 
enrolled in the introductory psychology 
course at Duke University who scored in the 
upper and lower 20% of the distribution of 
scores on the Linguistic scale of the American 
Council on Education Psychological Examina- 
tion for College Freshmen (ACE), 1949 
edition. This test of general scholastic 
aptitude had been routinely administered as a 
part of a placement battery to all students 
entering the university as freshmen. Sixteen 
Ss with ACE raw scores of 62 or below were 
designated the Low Verbal Ability group; 
à second group of 16 Ss whose scores were 
or above on the same scale were designate 
the High Verbal Ability group. These pe 
correspond to percentile ranks of 43 and 87, 
respectively, on the ACE national norms. 
Students were requested not to volunteer for 
the experiment if they had any uncorrecte 
visual defects. This was deemed necessary 
since a significant negative correlation be- 
tween a measure of visual acuity and meee 
tion thresholds for high frequency poss 
(r = — .50) was found in a previous «шеу 
with college students in which no attemp 
was made to screen out Ss with visual ea 

Word stimuli.—It has been demonstrate? 
that word length influences recogniti ға 
thresholds, and that the effects of bns 
frequency on recognition thresholds are ine 
Pronounced for long words than for 4 ea 
words (McGinnies et aL, 1952). Therefore 
all of the experimental words in the ез 
Study contained nine letters, Twelve Via о 
were selected, four at each of three а the 
word frequency. In order to insure {Ва ncy 
words were homogeneous at each fre on 
level, narrowly defined frequency Ган and 
both the Thorndike-Lorge Semantic ( The 
Magazine (L) counts were employe. e: 
Criteria for the selection of word stimuli were 
for high frequency words, a frequency of 1:0 fi, 
Ог greater on one of the two word counts wit ч 
а frequency of 200 or greater on the other; 
for moderate frequency words, 100-200 on 
both word counts; and for low frequency 
words, 2-10 on both counts, The words 
also met the following criteria: (a) they had 
three or four syllables; and (b) they were nos 

5 Ог roots of other words with 

different frequencies, The stimulus 
the order in which they were 

to each S are given in Table 1 


markedly 
Words in 
presented 
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TABLE 1 


EXPERIMENTAL WORDS LISTED IN ORDER OF 
PRES ATION TO Ss IN Exp. Il AND THE 
FREQUENCY OF THEIR OCCURRENCE 
IN THE THORNDIKE-LORGE S 
AND L Counts 


Frequency of Occurrence 


Words — 
S Count L Count 
NECESSARY 1,017 715 
RECOMMEND 161 154 
BARRISTER 6 2 
NOCTURNAL 7 5 
ASSISTANT 173 151 
AFTERNOON 283 1,033 
CONDITION 1,775 855 
CURIOSITY 155 157 
AFFLUENCE 8 6 
HIBERNATE 3 5 
SENSATION 156 124 
IMPORTANT 1,350 1,130 


along with the frequency of occurrence of 
each word in the S and L counts. Six practice 
words (PAY, AGE, FOR, PRESIDENT, DIFFERENT, 
soMETHING), all with frequencies of 1,000 or 
greater on both word counts, were presented 
prior to the experimental words. 
Procedure.—The Ss were tested indi- 
vidually. Measures of near and far visual 
acuity were obtained for each S by means of 
an American Optical Company orthorater, 
employing checkerboard targets (Department 
of the Army, 1948). In the measurement of 
visual acuity and in the determination of word 
thresholds, Ss were instructed to use correc- 
tive glasses if these were customarily worn. 
The S was then seated before the viewing 
window of a Gerbrands mirror tachistoscope 
in a darkened room and instructed as follows: 


This experiment is a test of your ability to 
recognize words that are presented very 
quickly. These are all ordinary words, 
some more familiar than others. The word 
will appear in this window in the center of 
the lighted area. First, each word will 
appear for such a short. period of time that 
you will not recognize it. However, I will 
gradually increase the exposure time until 
you have reported the word correctly on 
two trials. After you have reported the 
word correctly twice, I will tell you that 
you are correct. Report what you see after 
each exposure. Say the word if you 
recognize it. If you are not quite sure, you 
should try to guess the word. If you do 
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not recognize any word, spell out whatever 
letters you have seen. If you see nothing 
distinctly, say none. Before each presenta- 
tion of a word, I will say ready. At the 
ready signal, focus your eyes on the 
rectangular patch of light. 


The stimulus words were then presented 
individually in the same fixed order to each S 
at a distance of approximately 23 in. from 
S's eyes. In order to equate the effects of 
practice on low (L), moderate (M), and high 
(H) frequency words, the order of presenta- 
tion of these words was counterbalanced in 
the following manner: H-M-L-L-M-H-H-M- 
L-L-M-H. Each word was initially presented 
five times at an exposure time of .01 sec. The 
duration of exposure was increased in .01-sec. 
steps with five presentations at each exposure 
time until S's recognition threshold was 
reached. The recognition threshold of a word 
was defined as the total number of exposures 
required for S to reach the criterion of two, 
not necessarily consecutive, correct reports 
of the word. Two alternative criteria were 
also employed for defining thresholds. These 
were: three reports with six or more letters 
correct; or two such reports combined with a 
single correct report of the word. The 
alternative criteria were used because it was 
found in pilot studies that an occasional 5 
of low verbal ability did not know that some 
of the low frequency words were actual words. 


RESULTS 


The mean numbers of exposures 
required for the recognition of high, 
moderate, and low frequency words by 
Ss with high and low verbal ability 
are presented in Fig. 1. These data 
were evaluated by an analysis of 
variance (Lindquist, 1953) in which 
Verbal Ability was a between-Ss 
variable and Word Frequency a 
within-Ss variable. The obtained 
highly significant main effect of Word 
Frequency, F (2, 60) = 67.49, p < .001, 
reflected in the curves for both high 
and low verbal ability Ss in Fig. 1, 
was generally consistent with the re- 
sults of previous studies in which 
substantial inverse relationships be- 
tween word frequency and recognition 
thresholds were found. The predicted 
Word Frequency X Verbal Ability 
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required for recognition of high, moderate, 
and low frequency words by Ss of high and 
low verbal ability. 


was also highly significant, indicating 
that the psychophysical function re- 


with high 
and low verbal ability. The finding 


required 


e familiar 
with infrequent words than low ability 
Ss. 

It may also be noted in Fig. 1 that 
Ss with low verbal ability had slightly 
lower thresholds for high frequency 
words. In order to determine if this 
was related to uncontrolled differences 
between groups in visual acuity, the 
orthorater visual acuity scores (far 
plus near) for Ss of high and low 
verbal ability were compared. No 
differences between these groups in 
visual acuity were reflected in ortho- 
rater scores which were found to be 
positively, albeit nonsignificantly, cor- 
related with ACE scores (r = .14). 
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Since it has been observed that 
there are marked effects of practice in 
visual-recognition threshold experi- 
ments (Howes & Solomon, 1951), the 
effects of practice in this experiment 
were evaluated by comparing the 
thresholds for the first six experi- 
mental words with those of the last 
six words. The mean number of ex- 
posures required for recognition of 
words in the first and last half of the 
experimental word list were 8.90 and 
9.03, respectively, and the difference 
between these means was not found 
to be statistically significant, / (30) 
= 0.79. "Thus, it would appear that 
the utilization of Six practice words 
succeeded in eliminating practice 
effects. 


Discussion 


The finding that word-recognition 
thresholds were inversely related to the 
frequency of occurrence of words in the 
Thorndike-Lorge word counts was gen- 
erally consistent with the inverse rela- 
tionships obtained between frequency 
and thresholds in previous investigations 
(Howes & Solomon, 1951; McGinnies ER 
al, 1952; Postman & Schneider, 1951; 
Solomon & Howes, 1951; Taylor et al., 
1961). In the present study, owe 
Ss of high verbal ability required fewe 
exposures to recognize low frequency 
Words than did Ss of low verbal pes 
This finding Suggested that the hig^ 
ability Ss were more familiar with the 
low frequency words than were the low 
ability Ss. The assumption that verbal 
ability determines idiosyncratic fre- 
quency of usage of low frequency words 
was consistent with 
upon the d 
relationshi 
recognition thresholds, 
the prese 
that wor 
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The interpretation of the findings of 
the present study in terms of the idio- 
syncratic frequency of prior word usage 
by Ss who differed in verbal ability 
implicitly assumes that the effects of 
frequency on recognition thresholds are 
mediated by verbal habits which deter- 
mine the probability that a word will be 
reported under experimental conditions 
in which minimal stimulus cues аге 
provided. The importance of such 
habits as determinants of recognition 
thresholds was clearly demonstrated in 
a recent experiment in which nonsense 
syllables were presented with differential 
frequency in a training period prior to 
the tachistoscopic exposure of blank 
stimuli (Goldiamond & Hawkins, 1958). 
In this study, an inverse relationship 
between frequency and "recognition 
thresholds" was found even when no 
word stimulus was presented. This find- 
ing strongly supports the hypothesis that 
the effects of word frequency on recogni- 
tion thresholds are mediated by learned 
response dispositions (Postman, 1953). 

Although we have emphasized word 
frequency in the interpretation of our 
results, the findings of the present study 
may also be explained in terms of differ- 
ences in the level of “perceptual organ- 
ization” of Ss with high and low verbal 
ability. Krech and Calvin (1953) re- 
ported a high correlation (biserial 7 = .91) 
between level of perceptual organization, 
as measured by Ss' abilities to reproduce 
tachistoscopically presented dot patterns, 
and scores on the Wechsler Vocabulary 
Test, a measure of verbal intelligence. 
This finding was corroborated in a 
second study (Calvin, Tyrrell, Schulz, & 
Koons, 1958) in which the perceptual 
task employed by Krech and Calvin was 
described as similar to the Raven 
Progressive Matrices Test. According 
to Raven (1938), a "correct" perception 
on this test depends on 


а person's capacity at the time of the test to 
apprehend meaningless figures presented for 

is observation, see the relations between 
them, conceive the nature of the figure com- 
Pleting each system of relations presented, 
and by so doing, develop a systematic method 
Of reasoning (p. 1). 


It might be argued that the “correct” 
perception of a word stimulus presented 
at subthreshold exposures depends upon 
similar processes and that, in the present 
study, the relationship obtained between 
verbal ability and thresholds was medi- 
ated by differences in perceptual organ- 
ization in Ss who differed in verbal 
ability. 

When the findings in the present 
investigation are considered within the 
context of those obtained by Krech and 
Calvin (1953) and Calvin et al. (1958), 
the possibility must be seriously enter- 
tained that differences in verbal ability 
reflect both (a) idiosyncratic frequency 
of prior usage of low frequency words 
and (b) level of perceptual organization, 
and that these in turn contribute to the 
determination of recognition thresholds. 
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POSITION MEDIATED TRANSFER BETWEEN SERIAL 
LEARNING AND A SPATIAL DISCRIMINATION TASK 


SHELDON M. EBENHOLTZ 


Connecticut. College 


In a position learning task (PL) Ss learned to discriminate between 10 
spatial locations arranged in a vertical array, by associating a nonsense 


syllable with each position. 
and from PL to SL was studied. 


Transfer from serial learning (SL) to PL 
In Condition C the temporal order of 


syllables in SL (i.e., from beginning to end) corresponded with the 
spatial location of the same syllables in PL (i.e., from top to bottom). 
The relative positions of the syllables was random in Condition D. In 
Condition R the relative syllable positions were displaced, however 
adjacent items in SL were at contiguous locations in PL. Transfer in 


both directions was highest in the 1st condition. 


With one exception, 


the results of Conditions D and R did not differ from each other. 
Results yield evidence for position learning in SL and raise the question 


of the role of sequential association. 


Recent attempts to isolate the 
effective stimulus in serial learning 
(Ebenholtz, 1961, 1963; Horowitz & 
Izawa, 1963; Young, 1962) suggest 
the operation of two variables. These 
may be referred to as sequential 
association and temporal position. 
Although it is most probable that the 
formation of specific associations be- 
tween successive terms is a sufficient 
condition for mastery of a serial list, 
present evidence does not warrant the 
same statement with regard to knowl- 
edge of the positions of the com- 
ponent items. 

The present experiment sought to 
isolate the role of position and to test 
the effectiveness of knowledge of 
position as a mediator of serial 
learning. 


METHOD 


A situation was sought which might 
represent a pure case of position learning; 
viz., one with minimum possibility of forming 
Sequential associations. A spatial position 
learning task was devised with this purpose 
йы 
3 de a were trained to discriminate be- 
tween a vertical array of 10 small rectangular 


"windows" such that given any window S 
Could supply the syllable appropriate to it. 


On the assumption that serial learning entails 
the ordering of syllables with respect to 
temporal location, both tasks involve a 
common process; le. position learning. 
Transfer from one task to the other should 
occur readily providing the syllables are 
ordered in similar fashion; viz., providing 
Syllable 1 in serial learning has to be asso- 
ciated with the top position in position 
learning, etc. If serial learning does not 
entail position learning, then the relative 
placement of syllables across the tasks should 
not effect the degree of transfer. A control 
condition, therefore, was introduced in which 
the relation of the positions of syllables across 
the tasks was random; e.g., the first syllable 
in serial learning appeared toward the center 
of the spatial array, etc. А second control 
was introduced in which the items maintained 
their relative order on the two tasks but were 
displaced from their absolute positions. This 
condition permitted the evaluation of the 
extent to which transfer may be mediated 
by specific associations between adjacent 
items. 


Procedure 


Position learning (PL).—The S was seated 
in front of a column of 10} X $ in. rectangular 
windows cut in a large white cardboard 
screen. There was an interspace of $ in. 
between windows. Behind the display was a 
large revolving drum 14 in. high and 18 in. in 
diameter. Nonsense syllables were placed on 
the drum so as to appear in predetermined 
order in one window at a time. The ap- 
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paratus functioned much like a traditional 
memory drum turned onas side with the long 
ds in vertical position. . 

— purpose of the position learning cer 
was to have SS respond on the basis of spatia 
location. This condition may, therefore, be re- 
garded as a paired-associate task with window 
location as the stimulus and nonsense syllable 
as response. In order to indicate the window 
to which .S was to respond, a red patch was 
presented, all other windows remaining blank. 
After a fixed interval the red patch disap- 
peared and the syllable appropriate to that 
position took its place. i 

The temporal order of presentation of 
syllables was determined by five orders of a 
10-item Latin square. Items which occurred 
at spatially contiguous locations were never 
presented in temporal succession. After five 
trials the first five orders of presentation were 
repeated. 

The 5 was allowed 3 sec. to respond with 
the prescribed syllable while the red patch 
was in view. The syllable itself appeared for 
an additional 3 sec. There was a 12-sec. 
intertrial interval The Ss learned to a 
criterion of one perfect anticipation of all 10 
items. 

Serial learning (SL).—The conventional 
method of serial learning was used. However, 
conditions were made as Similar to those of 
PL as possible. A red patch appeared prior 
to the first item and between each of the 
succeeding items. The Ss were instructed to 
respond with the succeeding term while the 
red patch was in view. Both the patch and 
the item were Presented for 3 sec, each. The 
criterion, Presentation rate, and intertrial 
interval were identical in PL and SL. In 
both conditions S was Tequested to pronounce 
the syllables and to c 


association 
minimal. 


Design 


A transfer design was employed to study 
the effects of PL on SL and of SL on PL. 
Two groups of Ss learned in the order of 
SL-PL. Under Cond. C the syllables in SL 
and PL were maintained at coordinate posi- 
tions in both tasks. That is Syllables 1 
through 10 in SL appeared at Windows 1 


1 The author wishes to thank Otto Hebel 
for his aid in the design and construction of 
the apparatus. 
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through 10, respectively, in PL.? However, 
the temporal order of presentation of syllables 
in PL was systematically varied and never 
corresponded with the temporal order of 
syllables in SL. In short, the temporal 
position of syllables in SL corresponded with 
their spatial position in PL. 

Under Cond. D the items were presented 
at disparate locations across the tasks. In 
this condition Syllables 1 through 10 in SL 
appeared in PL at Windows 8, 6, 4, 10, 1, 9, 7, 
2, 5, and 3, respectively. "Two additional 
groups learned in the order PL-SL. One 
group learned under Cond. C and the other 
learned under Cond. D. There was a 2-min. 
interval between tasks. In order to facilitate 
comparisons between Cond. C and D it was 
necessary to counterbalance lists across these 
conditions. For this purpose two forms of an 
SL and PL list were used. The relations be- 
tween the two SL and the two PL lists are 
summarized in the following paradigm: 


SLi—pL,, 
SZ 


2%, 
SL;——pL, 


The subscripts refer to the different forms of 
the lists used in SL and PL, respectively. 
When SL and pr, have common subscripts 
Cond. C is indicated ` (viz, SLi-PLi and 
SL;-PL;); where Subscripts differ the relation 
between items is that of Cond. D. The net 
result of the counterbalancing procedure was 
that the first learned lists of Cond. C and D, 
respectively, were identical as were the lists 
learned secondly. Two additional groups of 
Ss constituted a third condition (R) in which 
the relative order of items on SL and PL was 
Preserved. These were run after Cond. 

and D had been completed. 


the order SL-PL, the other in the 
order PL-SL, i 


э Tespectively, in PL, Thus except for 


the sequence between It in SL 
all terms which e pde e 


sion in SL "0% appeared in spatially con- 
tiguous locations in PL. It may be noted 
- Соп. Rand C Were similar in that the 
relative order of terms Was maintained across 
owever, in that under 


tasks, differed, h 
5 occurred at disparate positions 


*The numb 


" CTS repr r of 
windows from ¢ Present the orde 


OD to bottom, 
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TABLE 1 
MEAN TRIALS TO CRITERION AND ERRORS PER TRIAL ON INITIAL List 
Mean Trials to Criterion Mean Errors Per Trial 
Cond. SL PL SL PL 
M SD M SD M SD M SD 
c 7.00 2.36 9.40 2.87 3.94 1.28 4.63 .98 
D 7.10 2.84 9.80 244 3.20 1.02 1.53 1.00 
R 7.50 2.94 10.42 2.7 3.53 75 4.67 .60 


on SL and PL, respectively, e.g., Item 5 in 
SL occurred at Position 2 in PL, etc. In this 
latter respect Cond. R was similar to Cond. D. 

The purpose of Cond. R was to check on 
the possibility of the transfer of specific 
associations between the temporally adjacent 
items of SL and the spatially contiguous 
terms of PL. If such associations may be 
assumed to occur under Cond. C (e.g., by 
rehearsal of groups of items in sequence) then 
high transfer to SL-C and low transfer (or 
interference) to SL-D is to be expected. The 
same possibility holds in the case of transfer 
from SL to PL. 

Since position mediated transfer is ex- 
cluded under Cond. R and D, the present 
view requires maximum transfer to occur 
under Cond. C. If performance under Cond. 
R and D is equivalent then the role of specific 
association must be assumed to be negligible. 


Subjects 


A total of 40 Connecticut College students 
took part in Cond. C and D and 28 others in 
Cond. R. None had previous experience with 
rote learning in the laboratory. Of the former 
group 20 Ss had learned in the order SL-PL 
апа 20 in the order PL-SL. Теп Ss in each of 
these groups learned under Cond. C and D, 


respectively, with half of the 10 Ss learning 
either Form 1 or Form 2 of their SL or PL 
lists. The Ss were assigned to Cond. C and 
D alternately, as they appeared at the 
laboratory. Those Ss taking part in Cond. R 
were assigned alternately to task order SL- 
PL or PL-SL. 


RESULTS 


The results of Cond. C and D are 
based upon the combined data of the 
two forms of the SL and PL lists. 

First list.—On the basis of ¢ tests 
all comparisons within SL and BL, 
respectively, between Cond. C, D, 
and R revealed no significant differ- 
ences in original learning. Inspection 
of Table 1 indicates, however, that 
the PL task was apparently more 
difficult than SL. 

Evaluation was accomplished by 
pooling the data of all three groups 
on PL and SL, respectively. For 
trials to criterion ¢ (66) = 4.23, p < .01. 
Comparison of errors per trial yielded 
t (66) = 8.15, p < .01. 


TABLE 2 
MEAN TRIALS TO CRITERION AND ERRORS PER TRIAL ON TRANSFER List 


Mean Trials to Criterion 


Mean Errors Per Trial 


Cond, SL PL SL PL 
M SD M SD M SD M SD 

С 1.60 48 5.10 2.38 40 37 2.22 1.08 

D 4.20 97 10.00 2.60 2.66 1.01 4.19 `60 

R 3.35 1.99 842 | 202 144 1.01 373 159 
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MEAN NUMBER OF ERRORS 


| 2 3 X 5 e 7 99 


10 


1234 5 67 8 9 10 


SYLLABLE POSITION 


Fic. 1. Mean errors per position under SL and PL, Cond. C and D, 
respectively, and initial (I) and transfer (T) tasks. 


Second. list (transfer).—The results 
of the transfer task are represented 
in Table 2. When SL is the transfer 
task, Cond. C is learned with signifi- 
cantly fewer trials to criterion and 
less errors per trial than Cond. D; 
t (18) = 7.22 and 6.64, in each case 
p < .01. Similarly performance un- 
der SL-C was superior to SL-R, com- 
parisons yielding ¢ (22) = 2.36, p < .05 
and + (22) = 3.71, p < .01 for trials 
and errors per trial, respectively. 
Condition D did not differ signifi- 
cantly from Cond. R in trials to 
criterion, however, the latter did pro- 
duce significantly fewer errors per 
trial; # (22) = 2.97, p < .01. 

Considering PL as transfer task, 
Cond. D and R did not differ signifi- 
cantly in either trials to criterion or 
errors per trial. On both indices 
Cond. C proved favorable in compari- 
son with both Cond. D and К. Com- 
paring PL-C with PL-D, (18) = 4.19, 


p < .01, and 2 (18) = 492, p < -01 
for trials to criterion and errors рет 
trial, respectively. Condition at 
required significantly fewer tria 25 
t (22) = 3.45, р < .01 and less — 
per trial, £ (22) = 4.08, p < .01, tha! 
Cond. PL-R. hat 
It is of some interest to note os 
the mean scores of Cond. R consi§ 
ently fall between Cond. C and їп 
(see Table 2). The same is un 
comparisons of percent transfer. T à 
тау be represented by comparing 
performance on the transfer list 
with performance on the same task At 
initial list (1). The formula (1-Т)/ 
X 100 with trials to criterion as index, 
yielded 77.14, 55.33, and 40.84, for 
Cond. SL-C, SL-R, and SL-D, re- 
spectively, and 45.74, 19.19, and 
—2.04 for PL.C, PL-R, and PL-D in 
that order. These results indicate 
more transfer to ST, than to PL under 
each condition, with the conditions 


POSITION MEDIATED TRANSFER 


arranging themselves in the order 
C-R-D. 

Position effects.—Both SL and PL 
lend themselves to analysis of errors 
by position. This is shown in Fig. 1. 
In order to plot the data, the top 
window in PL was arbitrarily desig- 
nated as No. 1, the second from the 
top as No. 2, etc. 

The curves of the initial SL and PL 
lists are based upon the combined 
data of Cond. C and D. The SL and 
PL curves are similar in that under 
both conditions end items are learned 
rapidly, central items yielding maxi- 
mum errors. Such similar distribu- 
tions are to be expected if identical 
processes (i.e., position learning) un- 
derlie both tasks. 

The large amount of transfer under 
SL-C virtually eliminated the serial 
position curve. Nine of the 10 posi- 
tions in SL yielded fewer errors when 
transfer occurred under Cond. C as 
compared with Cond. D. Condition 
PL-C yielded fewer errors than PL-D 
atall positions. Although not plotted, 
the error data of Cond. R fell between 
the curves of Cond. C and D. This 
was true of both SL and PL. 


DISCUSSION 


In comparing Cond. C and D it was 
demonstrated that prior SL facilitated 
subsequent PL and vice versa, and that 
this occurred more readily when items 
appeared at coordinate positions on both 
tasks (Cond. C) rather than at disparate 
locations (Cond. D). This result sug- 
gests that knowledge of position is а 
significant factor in serial learning. This 
conclusion is valid only to the extent to 
which the operations defining PL exclude 
the forming of associations penveen 
Spatially contiguous items. With x 
exception (SL-R) the results of Cond. 
indicated that the preservation of the 
relation of contiguity between adjacent 
items in SL and PL, respectively, pro- 
duced transfer which was not signifi- 
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cantly greater than when the temporally 
contiguous terms of SL appeared at non- 
adjacent locations in PL (Cond. D). 
Since Cond. R produced little or no 
transfer beyond that of Cond. D, it 
follows that the facilitative effects of 
Cond. C were mediated primarily by the 
common positions of the items across the 
tasks. 

The fact that transfer from PL to SL 
exceeded that from SL to PL raises a 
question. If both tasks entailed the 
learning of position, then transfer should 
have been equal in both directions. One 
explanation is that while both tasks 
involved position learning to a common 
criterion they differed in the degree to 
which the positions were discriminable 
at the time of transfer. Differences in 
position discriminability may also have 
contributed to initial differences in task 
difficulty. The fact that the initial 
tasks were of unequal difficulty, thereby 
producing differences in practice and 
item familiarity, must also be considered 
as possible explanations. Another ques- 
tion relates to the fact that transfer was 
less than perfect. This may have been 
due to a number of variables. Some loss 
may be attributable to the shift from 
the spatial to temporal modalities, and 
to the small time interval between tasks. 
In addition it is possible that the degree 
of learning of the initial tasks may have 
been inadequate for maximum transfer. 
A more important consideration, how- 
ever, is that position learning may not 
be adequate to account completely for 
serial learning. To the extent to which 
specific associations are required, the 
present conditions cannot yield complete 
transfer. The fact that Cond. К con- 
sistently produced transfer data which 
fell midway between Cond. C and D is 
support for the assumption that to some 
extent sequential associations are formed 
in serial learning. 

It is of some interest to compare the 
effects of transfer obtained by Young 
(1959) with those of the present study. 
Young's Ss first learned paired associates 
and then transferred to a serial list in 
which pairs of successive terms were 
identical with those of the paired- 
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associate list. If specific associative 
bonds were sufficient to master the serial 
list, then ideally Young's Ss should have 
learned within one trial. Actually a 
mean of 8.08 trials was required to reach 
one correct recitation of the entire list. 
Since in the present study transfer to 
SL-C was likewise less than perfect, 
it appears reasonable to conclude that 
neither position nor association are 
sufficient to explain serial learning. It 
seems most likely that both processes 
play a role. . 

The question remains as to the actual 
utilization of each process in the course 
of learning a serial list. Available 
evidence has not clarified this problem. 
There is some evidence (Ebenholtz, 
1961) to suggest that responding on the 
basis of an association is more difficult 
than responding to position. On this 
assumption one may conceive of serial 
learning as proceeding on the basis of 
temporal position (i.e., at the ends of the 
list) up to the point where position 
discrimination is too poor to produce 
additional correct anticipations (i.e., 
at the center of the list). The Ss must 
then form consecutive associations be- 
tween the terms at these poorly differ- 
entiated „positions. The bow-shaped 
serial position curve тау be understood 
as a consequence of this analysis by 
assuming position discrimination to be 
most difficult at the center of the list 
(see Schulz, 1955, for corroborative 
evidence). Error analysis of the spatial 
position task (see Fig. 1 and also Jensen, 
1962) supports this view, as well. 
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It is important to note that the present 
formulation is contradictory to that 
offered by Young (1962) that “spe- 
cificity learning occurs at the extremes 
and that position learning occurs in 
the middle of the list" (p. 313). Thus 
there is need for further clarification 
although there is good agreement as 


concerns a dual process theory of serial 
learning. 
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PAIRED ASSOCIATES 1 


CLESSEN J. MARTIN axb ELI SALTZ 


Center for the Study of Cognitive Processes, Wa yne State University 


The effect of constant serial order in presentation of paired associates 


was investigated in 2 experiments. 


Experiment I (100 Ss) found that 


constant order resulted in serial associations between the response 
items of the pairs (significant beyond .01) but, contrary to other studies, 


did not facilitate paired-associate learning. 


Experiment II (72 Ss) 


tested the hypothesis that facilitory effects due to constant order were 


a function of S-R presentation rate. 
tory effect occurred at any presentation rate. 
contrary to previous belief, serial presentation of paired ass 


not necessarily facilitate learning. 


Studies by McGeoch and McKin- 
ney (1937) and by McGeoch and 
Underwood (1943) have reported that 
presentation of S-R pairs in the same 
serial order on each learning trial will 
facilitate learning. However, it was 
not possible to determine the exact 
source of such facilitation in these 
studies. Newman and Saltz (1962) 
have attempted to identify more 
clearly the source of serial facilitation 
in paired-associate learning. 

To test the hypothesis that facilita- 
tion is produced by serial position 
cues, these investigators, following the 
procedure of McGeoch and McKin- 
ney, employed a condition in which 
S-R pairs were presented in a constant 
serial order for five trials, then on the 
sixth trial Ss were tested with the 
stimuli presented in random order. 
Contrary to the hypothesis that 
facilitation is produced by serial cues, 
this group performed no worse on the 
sixth trial than a group in which pairs 
Were presented in a constant serial 
order for the five learning trials and 


l'The present study is part of a program 
Of research, concerned with the influence 
Of differentiation on verbal processes, sup- 
Ported by the National Science Foundation 
under NSF G-9068 to the junior author. 


Contrary to prediction, no facili- 
Results indicate that, 
ates does 


also the sixth, fest, trial. Both serial 
groups performed better than a ran- 
dom presentation group on the sixth 
trial. 

The purpose of Exp. I in the present 
paper is to investigate the possibility 
that the lack of difference between the 
serial presentation-serial test, S(S) 
and the serial presentation-Crandom 
test, S(R), groups in the Newman and 
Saltz study was due to the fact that 
their test situation was not sufficiently 
sensitive to permit an adequate test 
of the serial position cue hypothesis. 
Since the degree of learning over five 
trials was low due to competing S 
terms in the Newman and Saltz in- 
vestigation, the S terms in the present 
study were noncompeting and of 
higher association value in order to 
increase the degree of learning over 
the first five learning trials. In addi- 
tion, after the test on Trial 6, an 
additional five learning trials and a 
final test trial were administered to Ss 
to determine if the Newman and Saltz 
results held up over greater numbers 
of trials. A 10-sec. interval was used 
for each presentation of an S term 
during the retention test in the New- 
man and Saltz investigation, A 2-ѕес, 
interval was used in the present study, 
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It was thought that the 10-sec. 
interval for each presentation of the 
S terms reduced the sensitivity of 
retention measurement and that there 
may have been differences between 
the S(S) and S(R) groups which failed 
to emerge because of the reduced 
sensitivity of the 10-sec. interval. 

The procedure, employed by New- 
man and Saltz, of presenting the S-R 
pairs for five trials before the first 
test trial, was retained in the present 
study. This procedure was considered 
critical for a test of the hypothesis 
that serial position cues were re- 
sponsible for the facilitation of the 
constant order conditions. The cru- 
cial aspect of the present study is the 
performance of the group trained on 
a constant order of presentation when 
shifted to a random order. The re- 
sults of the McGeoch and McKinney 
and the McGeoch and Underwood 
studies suggest that the use of the 
standard anticipation method during 
the first five training trials should 
lead to a history of more successful 
anticipations during these training 
trials for the constant order group 
than for the random presentation 
group. When the serial position cues 
are eliminated for the constant order 
group by randomizing the order on 
Trial 6, a failure of this group to fall 
to the level of the random presenta- 
tion group might be attributable to 
the greater history of successes during 
learning trials. 

Finally, to determine if serial pres- 
entation of pairs resulted in learning 
the serial order of responses, after 
paired-associate learning, Ss learned 
a serial list composed of the R terms 
of the original S-R pairs. 


EXPERIMENT I 
Method. 


Subjects.—The Ss were 100 introductory 
psychology students at Wayne State Uni- 
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versity. The first 80 of these were assigned 
randomly to the experimental conditions with 
the limitation that subgroup Ns be equal. 
After the data had been analyzed a new set of 
materials was developed and the additional 
20 Ss were randomly assigned to an 5(5) ог 
an R(R) treatment involving these materials. 

Materials.—List 1, the 10 S-R pairs 
learned by the first set of 80 Ss, consisted of 
the same 10 R terms used in the Newman and 
Saltz study, high M value nouns from Noble's 
(1952) list; the S terms were nonsense syl- 


lables having a 47% association value 
(Hilgard, 1951). The actual pairs were: 
YAT-JEWEL, TIS-DINNER, ZUG-MONEY, KEM- 
VILLAGE, SOZ-INSECT, QUN-GARMENT, XOW- 
HEAVEN, NOL-WAGON,  RUH-OFFICE, BEK- 
KITCHEN. Two different random orders, an 


A and a B order, of the above pairs were 
employed such that half the Ss in a serial 
learning condition learned Order A, half 
learned Order B. An additional five random 
orders were developed for the random pres- 
entation condition learning trials. For all 80 
Ss, the A or B orders were used during test 
trials. Thus half the Ss ina random presenta- 
tion group were tested on Order A, the other 
half on Order B. 

List 2, the materials developed for the 20 
additional Ss, consisted of the identical R 
terms as for the 80 Ss, but a new set of 47 0 
association stimuli: FAZ-JEWEL, KOR-DINNER, 
WAH-MONEY, YOB-VILLAGE, BEW-INSECT, ED 
GARMENT, NAC-HEAVEN, MEP-WAGON, 9167 
OFFICE, TAJ-KITCHEN. Material was Рге 
sented on a Lafayette memory drum. ing 

Procedure—All Ss received 10 lear 
trials in which the stimulus and tsp ly 
members of each pair appeared simultanee, 
in the window of the memory drum at à vials 
rate with 6 sec. between trials, Test de 
Were presented after the fifth and ten 
learning trials, The separation of learning 
and test trials is consistent with the рукави 
used by both McGeoch and McKinney (193 | 
and Newman and Saltz (1962). A test tria 
consisted of presenting each stimulus member 
alone for 2 sec, and requiring the Ss to emit 
the appropriate response to each stimulus 
within the 2.sec, interval. In the instructions 
Jt Was suggested that S not attend to the 
order in which the S-R appeared during the 
learning trials, 

еге were four experimental groups. . 
‚1. Group S(S)S(S) received the S-R pairs 
in the same seria] order on all learning and 
test trials, 

2. Group R(R)R(R) received the S-R 
pairs in a different order on each of the first 
five learning trials and the test trial (i.e, 


SERIAL AND RANDOM 


six different orders). This sequence of six 
random orders was then repeated for the 
second five learning trials and the second test 
trial. 

3. Group S(S)S(R) received the S-R pairs 
in the same serial order during all 10 learning 
trials and Retention Test 1, but during Reten- 
tion Test 2 (twelfth trial) the S terms were 
presented in a different random order. 

4. Group S(R)R(R) received the S-R 
pairs in the same serial order during the first 
five learning trials but during Retention Test 
1 the S terms were presented in a different 
random order. In the second five learning 
trials the S-R pairs were presented in different 
serial order on each trial. The 5 terms during 
Retention Test 2 were presented in the same 
order as during Retention Test 1. 

5. Group S(S) consisted of 10 of the addi- 
tional 20 Ss. This group learned List 2. 
Procedure was identical with that of Group 
S(S)S(S) except that the Ss received only 
five learning trials and one test trial. 

б. Group R (R) consisted of the remaining 
10 of the additional 20 Ss. "This group also 
learned List 2. Procedure was identical with 
that of Group R(R)R(R) except that Ss 
received only five learning trials and one 
test trial. 

For Groups 1, 3, and 4, following the 
second retention test the Ss were presented 
with a serial list consisting of the 10 R terms 
that had been presented during the paired- 
associate learning trials. Half of the Ss in 
each experimental group received the R 
terms in the identical order in which they 
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and the other half received the R terms in 
an order different from any used during the 
learning trials. Each 5 was given five trials 
on the serial list. Each word in the serial list 
was presented at a 2-sec. rate with a 6-sec. 
interval between trials. The number of 
correct anticipations was recorded on each 
of the last four trials. 


Results 


Table 1 reveals that serial position 
did not facilitate the learning of the 
S-R pairs. The R(R)R(R) group 
learned more S-R associations than 
did the S(S)S(S) group as measured 
by either Retention Test 1 or 2. 
Additional evidence concerning the 
effects of serial presentation is pro- 
vided by the S(S)S(R) group which, 
through Retention Test 1, also is a 
serial presentation condition. As can 
be seen in Table 1, on Retention 
Test 1 the means for the S(S)S(R) 
group are close to those of the 
S(S)S(S) group, and indicate poorer 
performance than the random group, 
R(R)R(R). These results are not in 
accord with those found by previous 
investigators. 

In order to determine whether the 


had been presented during the learning trials, difference between the serial and 
TABLE 1 
MEANS AND SDs or NUMBER OF CORRECT RESPONSES FOR Exp. I 
ON RETENTION TESTS 1 AND 2 
Retention Test 1 Retention Test 2 
Groups Order 
M SD Group M M SD Group M 
A 44 2.22 4.55 7.3 2.26 7.50 
1. S(S)S(S) B 47 2.75 T-t 2.59 
A 5.5 2.27 5.80 7.5 1.90 7.90 
2. R(R)R(R) B бї | 1.52 83 | 1.34 
A 4.9 2.08 4.95 6.9 247 7.10 
3. 5(5)5(®) B $0 | 319 тз | 320 
A 4.2 2.90 4.60 7.0 2.45 7.55 
4. S(R)R(R) B 5.0 1,95 81 145 
StS List 2 — 2.26 Sd 
A R List 2 — 2.38 6.1 
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TABLE 2 


MEANS AND SDs or Correct RESPONSES IN SERIAL LEARNING Or R TERMS 
or PREVIOUSLY LEARNED PAIRED-AssociATE LISTS 


Relationship between Serial Order of R 


Terms in Paired-Associate 
and Serial Learning 


Groups and Orders in Original 
Paired-Associate Learning 


Identical 


Different 
M SD Group М M SD Group M 

S(S)S(S) A 16.0 7.07 16.6 11.4 5.59 10.5 
dn B 17.2 4.32 9.6 4.16 

S(S)S(R) A 18.6 1.14 18.2 10.2 8.35 10.0 
B 17.8 3.27 9.8 6.22 

S(R)R(R) A 15.8 6.98 16.4 5.8 4.55 8.6 
B 17.0 7.07 11.4 6.80 


random groups in Exp. I was signifi- 
cant а £ test was performed. The 
mean number of correct responses 
made on Retention Test 1 for the 
serial groups, Groups 1 and 3, which 
received the S-R pairs in the same 
serial position on the first five learning 
trials was compared to the number of 
correct responses made by the random 
group, Group 2, which received the 
S-R pairs in a different random order 
on each of the first five learning trials, 
The mean for the serial groups was 
4.75 compared to a mean of 5.80 for 
the random group. The resulting 
t (58) = 1.65 was not significant at the 
.05 level. А similar comparison of 
Groups 1 vs. 2 on Retention Test 2 
also failed to prove significant. 
Groups 5 and 6 were run on a new 
list, List 2, to determine if the effects 
reported above were due to idio- 
syncracies of the S terms employed. 
(It will be recalled that R terms were 
those used by Newman and Saltz who 
found facilitation as a function of 
serial order.) The findings for Groups 
5 and 6 are consistent with the 
ings for List 1. 
uh the combined data from 
Lists 1 and 2, there was a total of 50 
Ss who had received the S-R pairs in 


а constant serial order during the 
first five learning trials and had 
received the S terms in the same serial 
order on Retention Test 1. There 
was a total of 30 Ss for whom each 
S-R pair appeared in a different serial 
position during each of the first five 
learning trials, and during Retention 
Test 1 the S terms were presented in 
an order different from any used 
during the learning trials. The mean 
number of correct responses оп Re- 
tention Test 1 for all the R(R) groups 
was 5.90 as compared to 4.93 for all 
the S(S) groups. The resulting 2 (78) 


— 1.80 was not significant at the .0 
level. 


associate phase, 
associate training, 


Ss in these three 
groups were 


Presented a serial list of 


o 10 terms they had learned 
n original paired-assoc; ining. 
Half the Ss sociate training 


in each group learned the 
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items in the same serial order in which 
the items had appeared during paired- 
associate training. The remaining Ss 
learned the items in a new random 
order. The Ss received five trials on 
the serial list, with instructions to 
anticipate on the last four of these 
trials. Table 2 gives the means and 
SDs for the correct anticipations made 
by the various groups on the four 
anticipation trials. 

A 3X2 analysis of variance in- 
dicates that Ss receiving the R terms 
in an identical order to that used 
during the paired-associate learning 
task made significantly (5 = .001) 
more correct R term anticipations on 
the serial learning task than did 55 
who received the R terms in an order 
different from any used during the 
paired-associate learning task. None 
of the other effects approached sig- 
nificance. 

Originally, the S(S)S(R) and 
S(R)R(R) groups in Exp. I were run 
because it was thought that the com- 
parison of these groups with the 
S(S)S(S) group would give an indica- 
tion as to the mechanisms involved 
in facilitation of serial presentation 
of S-R pairs. However, since no such 
facilitating effect occurred in Exp. I, 
the results of the S(S)S(R) and 
S(R)R(R) Groups of Exp. I become 
of minor interest. 


EXPERIMENT II 


The results of Exp. I are contra- 
dictory to the findings of McGeoch 
and McKinney (1937), McGeoch and 
Underwood (1943), and Newman and 
Saltz (1962). Presentation of the 
S-R pairs in the same serial position 
at every repetition did not lead to a 
greater degree of learning than pres- 
entation in a different serial position 
each time as measured by Retention 
Tests 1 and 2. In fact, the group 
which received the S-R pairs in a 
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changing order learned more S-R 
associations as measured by Retention 
Tests 1 and 2 than the group which 
received the S-R pairs in an un- 
changing order. Although there was 
no significant difference between the 
groups in the mean number of correct 
responses on Retention Tests 1 or 2, 
the results were certainly not in the 
expected direction. and are not in 
accord with other findings. However, 
the studies reporting facilitation due 
to serial presentation of S-R pairs 
involved either easier materials than 
the present study (McGeoch & Un- 
derwood, 1943) or a longer time for 
recall during the test trials (McGeoch 
& Mckinney, 1937; Newman & 
Saltz, 1962). Experiment 11 was de- 
signed to determine if a variable 
related to facilitating learning in 
general would also act to differentially 
facilitate learning of S-R pairs in a 
constant serial order over a random 
order. The factor chosen for mani- 
pulation was rate of presentation, 
since this permitted using the same 
paired-associate lists in easy and 
difficult conditions. 


Method 


Subjects.—The Ss were 72 students in 
introductory psychology at Wayne. The Ss 
were randomly assigned to conditions with 
the limitation that all subgroups have 
equal Ns. 

Materials.— The three basic lists of Exp. I 
were used. 

Procedure.—A 2 X 3 X 3 factorial design 
was employed with two rate presentations 
(a 1-sec. rate and a 4-sec. rate), three sets of 
materials, and three presentation conditions: 
S(S), S(R), and R (R), as described in Exp. I. 

All Ss received five learning trials in which 
the stimulus and response terms were pre- 
sented simultaneously, followed by a test 
trial in which only stimulus terms were 
presented. 


Results 


Table 3 presents the mean number 
of correct responses on the retention 


614 


TABLE 3 
MEAN NUMBER OF Correct RESPONSES ON 
THE RETENTION TEST FOR SERIAL AND 
RANDOM PRESENTATION GROUPS 
LEARNING AT 1- AND 
4-SEC. RATES 


1-Sec. Rate 4-Sec. Rate 
Groups 

M SD M SD 
S(S) 2.83 2.25 8.25 2.05 
R(R) | 225 | 1.24 | 7.75 | 2.34 
S(R) 1.67 143 7.75 1.87 


test (Trial 6) for each group. Each 
mean is based оп 12 Ss. А2 X3 X3 
analysis of variance indicates a sig- 
nificant difference in the number of 
correct responses between the 1- and 
4-sec. time intervals, F (1,54) = 147.44 
but there is not a significant difference 
between the S(S) and R(R) groups 
nor between lists, 'The interactions 
did not approach significance. A ў 
test was used in order to determine 
whether the S(S) 1-sec. group, was 
significantly different from the R(R) 
1-ѕес. group. The resulting / (46) 
= .79 was not significant. А £ test 
between the S (S) 4-sec. group, and the 
R(R) 4-sec. group, did not yield a 
significant / value. Thus, although 
the mean number of correct responses 
in the S(S) groups was greater than 
the mean number of correct responses 
in the R(R) groups, there was no 
evidence which would support a 
rejection of the null hypothesis be- 
tween the means of the S(S) and 
R(R) groups at either the 1- or 4-sec, 
interval. 

Examining the comparable data 
relevant to serial vs. random presenta- 
tion obtained in Exp. I and II yields 
a relationship of serial to random 
presentation across three rates of 
presentation. The 1-ѕес. and 4-sec. 
groups of Exp. II each consisted of one 
third of the Ss on List 1, Order A ; one 
third on List 1, Order B ; and one third 
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on List 2. To provide a similar dis- 
tribution of materials from Exp. I, 
Groups 1 and 5 of that experiment 
were used to determine the mean for 
serial presentation at 2 sec., and 
Groups 2 and 6 were used to deter- 
mine the mean for random presenta- 
tion at 2 sec. A 2 x 3 X 3 factorial 
design was used to analyze the results. 
Again a highly significant effect due 
to rate of presentation was found. 
However, there was no significant 
effect due to serial vs. random presen- 
tation (F « 1.00) nor did any of the 
interactions approach significance. 


Discussion 


Experiment I in the present paper 
clearly shows that presentation of pairs 
in a constant order led to formation of 
serial association between the response 
items of the pairs. Clearly these serial 
associations must have been present 
during paired-associate learning; never- 
theless, they did not facilitate that learn- 


ing. Newman and Saltz (1962) found 
that constant order of pairs during five 
learnin 


g trials facilitated performance on 
the test trial (Trial 6) even when pairs 
were presented in a random order during 
the test trial eliminating serial position 
cues. Taken together, the present 
studies and the Newman and Saltz study 
indicate that serial Position cues are not 
an Important factor in learning paired 
associates in a constant order. 
An unexpected finding arose in COn- 
nection with the В. term serial learning 
n the S(RR (R) condition, the block of 
five serially Presented pairs was followed 
by five trials in which the R terms aP- 
peared in five different orders, There is 
no evidence, in Tab | 
presentation 
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PRESENTATION TIME, TOTAL TIME, AND MEDIATION IN 
PAIRED-ASSOCIATE LEARNING: SELF-PACING ! 


B. R. BUGELSKI 


AND J. RICKWOOD 


University of Buffalo 


The present report supplements an 
while Ss who have long presenta 


earlier study where it was shown that 
tion times learn paired associates in 


fewer trials than Ss with short presentation times, total learning time is 
the same. 20 college student Ss controlled their own presentation times 
for the same material. Their total learning times did not vary signifi- 


cantly from the earlier study. It 


is concluded that a fixed amount of 


time is required to learn a fixed amount of material regardless of dis- 


tribution of time over continuous 


In the earlier study reported by Bugelski 
(1962) it was concluded that Presentation 
Time X Trials (or "total" time) is constant 
for learning paired-associate nonsense syl- 
lables. The conclusion was based on the 
finding that different Ss, given the opportunity 
to examine the response item of a pair of 
syllables for 2, 4, 6, 8, or 15 sec., took fewer 
trials to learn eight pairs of syllables as the 
presentation time increased but spent about 
the same total amount of time in the effort. 
It was possible that some of the Ss were 
wasting time on the longer presentation trials 
and that in some manner some artifact might 
have been introduced. To eliminate this 
problem, the present study was designed to 
permit Ss to pace themselves and terminate 
the presentation time whenever they desired. 
In this way, the total time Scores would not 
be artificially extended for the 55 needing 
only a few trials to learn. 

Method.—The Hunter Card Master was 
again employed with 5 controlling the 
manual switch by which the response item 
could be removed. The next stimulus syllable 
would then appear after a 2-sec. delay. The 
stimulus syllable would appear alone for the 
next 2 sec. during which S could anticipate 
the response syllable. The response syllable 
would then appear and remain until 5 
eliminated it. Thus, while S did not control 
the entire sequence of times, he did have 
charge of the response time which was 
systematically varied in the prior experiment. 
The Ss were 20 college sophomore volunteers 
from an experimental psychology class. 

Results and discussion.—Although the gen- 
eralization drawn from the prior study was 
not necessarily at stake in the present 
situation it was expected that this general- 
ization would be strengthened if the present 
results fell within the limits of the total times 


1 This study was supported by United States Public 
Health Research and Fellowship Branch Grant M-3489. 


trials. 


previously established. The mean total time 
(see Table 1) for the 20 Ss (computed per pair 
learned as in the earlier study) was 66.5 sec. 
to reach a criterion of two successful repeti- 
tions of the correct response. Adding the new 
group to the previous five groups did not 
significantly change the F value originally 
reported. The present F of .826 is only 
slightly lower than the previously reported 
F of .845. The £ between the new mean of 
66.5 and the mean for the previous 100 Ss of 
61.5 is .3, well below the ¢ of 1.9 needed for a 
significant difference at the .05 level. 

It is interesting to note that Ss needed 
a mean of about eight trials to complete the 
learning. This figure suggests that they were 
allowing themselves about 5 sec. per response 
on the average. At first Ss appeared 
somewhat uncertain about the freedom 
allowed in the procedure and “experimented” 
about, trying long times and short times. 
It had been anticipated that Ss might 
hesitate or delay the action until they were 
sure of a response; this, however, did not 
occur. They apparently were under some 


self-imposed instruction to repeat the 
material. 
TABLE | 


SELF-TIMING Ss COMPARED WITH Ss WITH VARYING 
AMOUNTS OF TIME Asst ED TO T 


SYLLABLE IN PAIRED-AssoCIATE 


Condition Respons Mean Mean 
Exposure Time | Trials to | SD | Total | SD 
riterion Time 
2 Fo 10.2 4.1 61.2 2d 
Variables a E y S9 
(S controlled) 8.1 24 | 65.5 | 26.8 
6 sec. 5.8 1.9 | 579 | 19.0 
8 sec. 4.7 2.5 | 56.1 | 29.6 
15 sec. 3.3 1.2 62.2 22.2 
Note.—N = 20 per condition. 
^ Present study. The other data are from the earlier 


report. 


616 


Ра 


SUPPLEMENTARY REPORTS 617 


The results of the present study, based on 
à sclf-timing procedure, support the earlier 
findings with E-controlled timing. It appears 
that in learning paired-associate nonsense 
syllables Ss take a fixed (within limits) 
amount of time to learn a fixed amount of 
material even though they control presenta- 
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tion time, and thus, indirectly, the number 
of trials. 


Brcetskt, B. К. Presentation time, total time, and 
ion in paired-associate learning. J. 
Psychol., 1962, 63, 400—412. dii 
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PERFORMANCE IN EYELID CONDITIONING FOLLOWING CHANGES 
IN REINFORCEMENT SCHEDULE! 


WILLARD N. RUNQUIST? 
Pomona College 


4 groups of 16 Ss were run in a classical eyelid conditioning experiment. 
2 groups received 76 trials under a random 50% reinforcement schedule, 
1 group with a 50-mm. airpuff as the UCS and the other group with a 
100-mm. airpuff as the UCS. The other 2 groups received 60 trials of 
100% reinforcement followed by 16 trials of 50% reinforcement. The 
same 2 UCS intensities were used in these 2 groups. Acquisition data 
showed little effect of UCS intensity although partial reinforcement 


resulted in lower performance. 
dropped in the continuously reir 


Following the shift, performance 
nforced groups, and there was little 


evidence of any overall difference in postshift performance. A further 
analysis of the trials following nonreinforcement suggested that non- 
reinforcement produced more inhibition when the UCS was stronger. 


Ross (1959) reports that changes in per- 
formance in classical eyelid conditioning are 
almost immediate when reinforcement sched- 
ule is shifted from continuous to partial 
reinforcement. This experiment extends the 
findings of Ross by determining the effect of 
this shift in reinforcement schedule under 
slightly altered conditions; namely, no ready 
signal, omission rather than delay of the UCS 
on nonreinforced trials, longer С5-0С5 
interval апа UCS duration, and two separate 
UCS intensities. 

Method.—The conditioning laboratory was 
physically similar to the Iowa laboratory. 
The system for presenting stimuli and record- 
ing eyeblinks was basically the same as that 
described by Spence and Taylor (1951) 
except that a Brush Mark II recorder was 
used. In addition, all trials were automat- 
ically programed by means of a cam driven 
by a 2-rph motor. ‘All Ss were run in a semi- 
darkened room in which an electric fan 
provided masking noise. The CS consisted 
of the lighting of a 42-mm. diameter, milk 
glass covered aperture by a Drake 105 neon 
pilot lamp. The UCS was an air puff de- 
livered to the right eye 560 msec. following 
CS onset and 400 msec. in duration. 

! Partially supported by a grant from the Claremont 


Graduate School. 
Now at the University of Alberta, 


The experiment utilized a 2 X 2 factorial 
design with UCS intensity and reinforcement 
schedule being the two orthogonal variables. 
Six male and 10 female college students com- 
prised each group. The two UCS intensities 
were 50 and 100 mm. of mercury. The two 
reinforcement schedules were a random 50% 
reinforcement and a 100% reinforcement 
changed to a random 50% reinforcement. 
The four groups thus formed were designated 
weak-partial (W-P), strong-partial (S-P), 
weak-change (W-CH), and strong-change 
(S-CH). 


60 


PER CENT CR 


40 


412 28 44 60 16 
TRIALS 


Fic. 1. Percent CRs for blocks of trials. (Trials 
1-4 and 61-76 are in blocks of four trials. The other 
points are blocks of eight trials. The vertical line 
indicates the switch to partia] reinforcement.) 
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45 


35 


CR'S 


25 


51-68 


69-76 


TRIALS 


Fic. 2. Total CRs following reinforced and non- 
reinforced trials for the CH groups in Trials 61-76, 


The conditioning procedure consisted of 
76 trials, randomly spaced, with a mean 
intertrial interval of 22 sec. and a range of 
15-32sec. No ready signal was used. In the 
P conditions, the UCS was omitted on a 
random 50% of the trials. In the CH condi- 
tions, 60 paired CS-UCS trials were followed 
by 16 trials in which the UCS was omitted on 
a random 50%. The CRs were recorded 
from 200 to 525 msec, 


Results.—Curves showing the percent CRs 


Ross and Pence (1960) concerning the effects 


of UCS Intensity with Partial reinforcement 
schedules, The Somewhat large difference 
favoring the W.p group over the S. 
is discrepant from the Spence a 


findings, but Probably can be discounted as 
having theoretical importance, Evidence was 
obtained that this group contained а dispro- 


€ related to 
kely that the 


Т epresents sampling 
error with respect to anxie 


conditionability, 


Analysis of variance of the Preswitch data, 


schedule (F = 5.43), with t e a 
interaction of Schedule with UCS intensity 
failing to be significant (p = 1.87). АП other 
Fs were less than 1,00. i 

for 1 and 56 df, with an error MS of 
Analysis of variance of the postswit, 
resulted in no significant differences. The F: 
greater than 1.00 were for UCS intensity 
(1.74), reinforcement schedule (2.13) and 4 
interaction of the two (2.13; a] сотрагізо Р 
with 1 and 56 df; error MS of 29.1 AS. 
sessing the rate of Performance 
extremely difficult due to the extr 
ability in the data; nevertheless. 


rop i 
eme vari. 
the drop 
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appears to be more rapid in the S-CH group 
(27% in the S-CH vs. 5% drop in the C-CH 
group from Trial Block 57-60 to 61-64). 
In the former group, 10 .Ss showed a loss and 
none a gain following the introduction of non- 
reinforced trials, while 6 W-CH .Ss showed a 
loss and 4 a gain. Thus, the drop appears to 
be more rapid with the stronger UCS. 
Further assessment of the rate of change of 
performance following the introduction of 
nonreinforced trials was made by comparing 
the number of CRs occurring on trials follow. 
ing the occurrence of a UCS with the trials 
following nonoccurrence of a UCS, These 
results are shown in Fig. 2 for the CH groups, 
Performance is clearly higher following rein- 
forced trials for both W and S groups, 
although the difference is greater in the S 
group. Essentially, the same findings have 
been reported by Spence and Trapold (1961) 
for a single UCS intensity, Although 
statistical analysis of this trend appears to 
demand an overall analysis, this was precluded 
by extreme Skewness and a restricted range of 
values, Instead, some attempt was made to 
verify the differential effect of UCS intensity 
y utilizing a simple chi square test on the 
difference scores (CRs following reinforced 
minus CRs following nonreinforced trials), 
Comparing the Proportion of positive differ- 
ences in the S-CH and W-CH groups resulted 
in a chi square of 4.50 which was significant 
beyond the 5% leve. A final analysis is 
designed to Show that the effect of UCS 
intensity depends upon previous reinforce- 
ment schedule, The same analysis of differ- 


ence scores was made on the first 16 and the 
last 16 trials in 
groups. 


inhibition generated 
inforced trial is greater following 
than following 
' and that this effect 


" Ome extent ast 
reinforcement Schedule, nne 2 


Partial reinfor tion 
of cement as a func 
emcee 7x. Psychol., 1960, 59, 379-382. 
of the Ucs” Ta ү, А. Anxiety and strength 
conditioni as determiners of the amount of eyelid 
ENCE, КЁ «ab. Psychol., 1951, 42, 183-188. 


id os RAPOLD, M, A, P. rformance in 
eyel j + Perform: 
Schedules tioning 28 a function of reinforcement 
Sci. Waska Changes in them. Proc, Nat, Acad. 
EDC Тоба. 47, 1860-1868. 
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INFLUENCE OF THE WRITTEN RECALL MEASURE 
ON FIRST-LIST ASSOCIATIONS 


JUDITH GOGGIN 


University of California 


An experiment using A-B, A-C and A-B, A-B’ paradigms w 
ascertain if first-list responses are a 
The recall task wa 
Response recall for both lists was higher in the A-B, A-B’ group. 


are extinguished. 
recall. 


is done to 
ible even though the associations 
designed to maximize response 


Considering the stringent scoring method alone, differences between 
lists, paradigms, and interaction between lists and paradigms were 


significant. 


The general results confirm Barnes and Underwood's 


(1959) conclusion that both the associations are extinguished and the 
responses are unavailable after learning the A-C list. 


In the study of Barnes and Underwood 
(1959) comparing transfer and retroactive 
inhibition under the A-B, A-C and A-B, A-B' 
suggested that in the 


associations extinguished but 
Sponses (B) per se are not а c 
investigators pointed out, however, that this 
conclusion could not be reached with com- 
plete confidence because of the nature of the 
instructions to Ss and the form of the recall 
task. The were required to reproduce 
both the first-list response (B) and the 
second-list response (C) to successive stimulus 
items (A). The present study is concerned 
with the availability of responses when the 
instructions and written recall task are 
designed to maximize .Ss' recall of these 
responses, independently of the retention of 
the specific associations. 

Method.—Two groups of 16 Ss each were 
used. The two successive lists learned by 
one group conformed to the A-B, A-B' 
paradigm and those learned by the second 
group to the A-B, A-C paradigm. The 
stimulus items were nonsense syllables of from 
47% to 53% association value (Glaze, 1928). 
Low intralist similarity was achieved by using 
four vowels twice and each consonant only 
once. The responses in the A-B, A-B' 
paradigm, identical to those used by Barnes 
and Underwood (1959), were two-syllable 
adjectives taken from Haagen (1949). High 
interlist response similarity was obtained by 
pairing synonymous adjectives with the same 
stimulus item. There was low intralist 
response similarity. In the A-B, A-C para- 
digm, the first-list responses (B) were the 
same as those in the A-B, A-B’ paradigm. 
The second-list responses (C) were matched 
with the B’ response items insofar as they 
had similar frequencies of occurrence (Thorn- 


dike & Lorge, 1944) and the same initial 
letters. There was low intralist response 
similarity and interlist response similarity was 
low in that none of these adjectives came from 
the same clusters as the first-list responses 
(Haagen, 1949). The lists were presented at 
. rate on a memory drum with an 
intertrial interval of 8 sec. The Ss learned the 
first list to one perfect recitation. They were 
then given the second list for 20 anticipation 
trials. Two different pairings of stimuli and 
responses were used and an equal number of 
Ss in each group was given each pairing. 
The presentation of the two lists was sepa- 
rated by a 2-min. interval. After 20 trials on 
List 2, Ss were given a blank piece of paper 
on which to write all the responses they could 
recall. The list of stimuli was typed in 
alphabetical order on another sheet of paper, 
and this sheet was available to Ss throughout 
the test. The Ss were instructed to write 
down all the responses they could remember 
in whatever order they came to mind. They 
were told that the list of stimuli could be used, 
if need be, to help in recalling the responses, 
but they were urged not to go down the list, 
syllable by syllable, and match the responses 
from the two lists. The Ss were allowed as 
much time as they needed for this task. 
At the end of the test they were instructed 
to write beside the response the stimulus with 
which it was associated and to indicate 
whether the response came from List 1 or 2, 
The Ss were told that they could add any 
other responses remembered at this time. 
Results —The mean number of trials to one 
perfect recitation of List 1 was 13.06 for both 
groups combined. The mean for the A-B, 
A-B’ group was 11.00 and that for the A-B 
A-C group was 15.13. After a log rans: 
formation, t = .34. The total correct re- 
sponses for the first three trials on Lists 1 and 
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2 were compared for both groups as a measure 
of net transfer effects. For the A-B, A-B' 
group, the mean number correct on List 1 
was 6.44 and on List 2 was 13.81; for the 
A-B, A-C paradigm, the two means were 
4.69 for List 1 and 5.25 for List 2. An 
analysis of variance showed that the differ- 
ences between paradigms and lists and the 
interaction between paradigms and lists were 
significant, Fs(1, 30) = 28.68, 28.03, and 
20.65, respectively (p < .01). The number 
of overt intrusions was greater for the A-B, 
A-B’ group than for the A-B, A-C group. 
Table 1 shows the number of correct responses 


TABLE 1 


MEAN NUMBER or Correct RESPONSES 
SconED BY Two METHODS 


" A-B, A-B’ A-B, A-C 
Method List Group Group 
1 ч 6.75 4.19 
2 7.75 
2 


1 
2 


recalled by each р 
Scoring methods as Barnes an 
(1959). 


{ of scoring, а 
тезропзе was considered correct if it was 


For both methods of Scoring, recall of List 2 
Fi queni ed iiber for the A-B, 
- р; recall of Li а 

£reater for the А-В, AP са рон эва 
А-В, А-С group. The differences between 
lists, Paradigms, and the interaction between 
lists and Paradigms were all significant when 


In the article 
Frustration Effect” 
65, 444—450), 
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the stringent method of scoring alone is 
considered, Fs(1, 30) = 58.18, 21.00, and 
14.54, respectively (p < .01). Difference 
scores between the two scoring methods were 
calculated after а Freeman-Tukey trans- 
formation. Here the difference between para- 
digms is significant, F(1,30) = 4.47 (p « .05). 
This appears to indicate that, in the case of a 
few Ss, even though an association is extin- 
guished, the response may be available for 
recall, The general results lead to the 
conclusion that Barnes and Underwood 
(1959) were justified in suggesting that, in 
general, not only are the A-B associations 
extinguished during the learning of the A-C 
list, but also that the responses themselves 
are not available. In the present experiment, 
Ss were urged to put down all the responses 
they could remember without any specifica- 
tion that they were to match them with the 
stimuli, Thus, if an .S could remember а 
response without recalling the stimulus with 
Which it was paired, he had an opportunity 
to put it down. In spite of this, Ss did not 
recall апу more responses than they did 
when the method of written recall wis sb. 
as to implicitly stress the pairing of stimu 
and responses, 
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